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© Cydic peptide derivatives. 

© A-21978C cyclic peptides of the formula 
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wherein R ii selected from the group coneittlng of hydrogen, 
an amino-protecting group, 8-methyldecanoyl, 10- 
methylundecanoyl, 10-m ethyl do decs noyl, the epedfle C 10 - 
alkanoyl group of A-21978C factor Co and the specific 
C ir alkanoy1 groupe of A-21978C faotore C« and C*; R 1 and R 1 
are, Independently, hydrogen or an amino-protecting group, 
and aalta thereof, are prepered by enzymatic deaeylatton of 
an antibiotic selected from A-21978C complex, A-21978C 
factors Co, Ci, C* C* C 4 and C* and blocked A-21978C 
complex and factors C* C,, C 2 , C* C 4 and C», using an 
enzyme produced by the Actinoplanaceae, preferably by 
AcUnop/anes utahensis. These A-21978C cyclic peptides or a 
pharmeceuticalty-acceptable salt thereof ere useful interme- 
diates for preparing new alkanoyf, alkenoyl, benzoyl, ecyla- 
mino, N-alkanoylarninoacyl, and alkyl cyclic peptide antibio- 
tic*. 
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CYCLIC PEPTIDE DERIVATIVES 

This invention relates to novel derivatives 
of cyclic peptides which possess antibiotic properties 

5 and to the method of producing these antibiotic deriv- 
atives by semisynthetic means. 

There is a great need tc develop new anti- 
biotics because of the great possibility and constant 
threat that antibiotic-specific resistant strains of 

10 pathccenic microorganisms will develop. In particular, 
pathogens within the grain positive genera S tap hy 1 oc occ us 

Streptococcus often are resistant to commonly 
used antibiotics such as penicillin and erythroinycin; 
see for example, w,0. Foye, Principles of Medicinal 

15 Chemistry , pp. 634-686 (1974). 

In accordance with the invention, new deriv- 
atives of the A-21973C cyclic peptides and the pharaa- 
ceutically-acceptabla salts thereof, have been found 
to be effective antibiotics. 

2C These new derivatives can be pr^ared by 

reacting the A-21978C nucleus or protected derivatives 
thereof, prepared by deacylating the appropriately 
bloclced A-21973C complex or any of its appropriately 
blocked individual factors C Q , c., C,, C 3 r c., or C J>; 

25 with the desired acyiating agem: or an activated 
derivative thereof. 
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In accordance with the invention, A-21978C 
cyclic peptides of formula 1: 
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in which R, R 1 , and R 2 are, independently, hydrogen, 
8-nethyldecanoyl, 10-methyldodecanoyl, 10-methyl- 
undecanoyl, the specific c 10 -alkanoyl group of A-21978C 0 
the specific C 12 -alkanoyl groups of A-21978C factors 
C, or C,, an amino-protecting group, 

4 3 

(A) an aminoacyl group of the formula 
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15 



20 



in which Q is C 1 ~C 16 alkylene, or an N-alkanoyl- 
aminoacyl group of the formula 

-W-C-R 7 

tt 

o 

in which W is a divalent aminoacyl radical of the 
formula: 

0 

(1) -C-A-NH- 

in which A is C 1 -C 1Q alkylene or C 5 -C & cyclo- 

alkylene; 
o f 

(2) -C-CH-NH- 

in which R 8 is hydroxymethyl , hydroxyethyl , 
mercaptomethyl, mercaptoethyl , methyl- 
thioethyl, 2-thienyl, 3-indole-methyl , 
phenyl, benzyl, or substituted phenyl or 
substituted benzyl in which the benzene ring 
thereof is substituted with chloro, bromo, 
iodo, nitro, C J ~C 3 alkyl, hydroxy, ^-C,- 
alkoxy, C.j-C 3 alkylthio, carbamyl, or C 1 ~C 3 
alky lcarbamyl ; 



(3) 



'X 



in which X is hydrogen, chloro, bromo, iodo, 
amino, nitro, C^-Cg alkyl, hydroxy, C 1 -C 3 
alkoxy, mercapto, C 1 -C 3 alkylthio, carbamyl. 



30 or ^-C^ alky lcarbamyl; 
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in which X 1 is chloro, bromo, iodo, amino, 
hydroxy, C x -C 3 alkyl or alkoxy; 



iC < 5 ) _L/ X . or i or 



25 



in which B is a divalent radical of the 
formula: -ICH 2 ) B - and n is an integer from 1 
to 3| -CH-CH-J -CH-CH-CH 2 -» or 

-CH,-NH-C- ; 

0 

r 7 is c r c 17 alkyl or C 2 -C 17 alkenyl; 
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(B) a substituted benzoyl group of the formula 

in which is C g-C^ij alkyl; 
X 2 is hydrogen, chloro, bromo, iodo, nitro, 
10 C 1~ C 3 alk y 1 ^ hydroxy, c i~ C 3 alkoxy or C 1 ~C 3 

alkylthio; 

(C) optionally substituted C 2~ C 19 alkanoyl, 

C 5 -C ig alkenoyl, C^-C^ alkyl provided 

that R, R~ and R 2 groups togerher must 

15 contain at least four carbon atoms; 

3 4 5 

and in which R , R and R (i) may represent hydrogen 

or (ii) taken together with an appropriate adjacent R, 
1 2 

R , R group may represent a C 4*" c ^4 alkyl idene group; 
provided that when R 1 and R 2 are both selected from 

20 hydrogen, R cannot be 8-methyldecanoyl , 10-methyl- 
undecanoyl, 10-methyldodecanoyl, the specific C^q- 
alkanoyl group of A-21978C factor C Q or the specific 
C 12 -alkanoyl groups of A-21978C factors and C 5 ; or a 
pharmaceutically-acceptable salt thereof, are useful 

25 in the preparation of, or as semi-synthetic antibiotics. 
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The compounds of formula 1 in which R is 
8-methyldecanoyl, 10-methylundecanoyl , 10-methvl- 
dodecanoyl, the C^-alkanoyl group of A-21978C~ factor 
C Q and the C^-alkanoyl groups of A-21978C factors 
5 C 4 and C 5 and one of R or R 2 i s an amino -protecting 
group are blocked antibiotic A-21978C factors C c 

are usefu? ^ ^ * ^ 3ntibiot " compound 

Te thos ~ edlateS t0 Prides of formula 1, 

10 R and R ls an amino-protecting group. 

The compound of formula 1 in which R, h 1 and 
each represent hydrogen is the common cyclic peptide 
Present in antibiotic A-21978C factors c C c 
C 4 and C 5 . For convenience, this compound wUl be 
15 called the A-21978C nucleus. This compound can be 
represented also by formula 2: 
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in which 3MG represents L~ threo- 3 -me thylglutamic acid. 
In another aspect, this invention relates to 
a method of enzymatically deacylating an antibiotic 
selected from A-21978C complex, A-21978C factors C Q , 
5 c^, C 2 / C 3 , C 4# and Cg , blocked A-21978C complex, and 
blocked A-21978C factors C Q , C^, C 2 , C 3 , C 4 and C 5 . 
The naturally occurring A-2197 8C factors have a common 
cyclic peptide nucleus, but each has a different fatty 
acid group attached to the a- amino group of the tryptophan 
10 residue- The method of removing the fatty acid groups 
from the A-21978C factors and blocked factors provided 
by this invention comprises exposing the antibiotic or 
blocked antibiotic, in an aqueous medium, to an enzyme 
produced by a microorganism of the family Actinoplanaceae 
15 until substantial deacylation is accomplished. 

A preferred method of this invention com- 
prises using an enzyme produced by the microorganism 
A ctinoplanes utahensis NRRL 12052 to cleave the fatty 
acid side chain. Deacylation is ordinarily accom- 
20 plished by adding the appropriate antibiotic or blocked 
antibiotic to a culture of A. utahensis and permitting 
the culture to incubate until deacylation is accom- 
plished. The A-21978C cyclic peptide or blocked pep- 
tide thereby obtained is separated from the fermenta- 
25 tion broth by known methods. 

The A-21978C nuclei are useful in that they 
can be reacylated to provide new antibiotic substances. 
These new substances are described in detail later* 
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The accompanying infrared absorption spectra, 
run in KBr , represent the following: 

Figure 1 - A-21978C nucleus (formula 1, 
R, R 1 , R 2 = H) 
5 Figure 2 - A-21978C N Qrn -t-B0C nucleus^ 

(formula 1 , R and R 1 = H; R^ - 
tert-bu ty loxycarbonyl ) 

In this specification the following abbrevia- 
tions, most of which are commonly known in the art, are 

10 

used: 

Ala: alanine 

Asp: aspartic acid 

Gly : glycine 

!5 Kyn: kynurenine 

Orn: ornithine 

Ser: serine 

Thr : threonine 

Trp: tryptophan 

2 o t-BOC : tert-bu toxycarbony 1 

Cbz : benzy loxycarbonyl 

DMF : dimethylf ormamide 

THF : tetrahydrof uran 

HPLC: high-performance liquid chroma tog- 

25 raphy 

TLC: thin-layer chromatography 

UV: ultraviolet 
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The A-21978C antibiotics are closely related, 
acidic peptide antibiotics described in U.S. Patent No. 
4,208,403, which is incorporated herein by reference. 
As described in U.S. Patent No. 4,208,403, the A-2197 8 

5 antibiotic complex contains a major component, factor 

C, which is itself a complex of closely related factors, 
A-21978 factor C f which is called the A-2197SC complex, 
contains individual factors Cq, C^, , and C q . 

Factors C^, C 2 and are major factors; and factors 

10 C Q , C 4 and are minor factors. The structure cf the 
A-21978C factors is shewn in formula 3: 
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in which 3MG represents L-threo-3-methylglutamic acid, 
and R represents a specific fatty acid moiety. The 
specific R groups of the factors are as follows: 
A-21978C Factor R N Moiety 

c l 8-methyldecanoyl 
C 2 10-methylundecanoyl 
C 3 10-methyldodecanoyl 
C 0 C 1Q -alkanoyl* 



10 



C 4 C 12 ~alkanoyl* 
C 5 Cj^-alkanoyl* 
♦Identity not yet determined 

It is extremely difficult, when confronted 
with the problem of deacylating a peptide antibiotic 

15 to know whether an enzyme exists which can be used for 
this purpose. Finding such an enzyme is even more 
difficult when the substrate antibiotic contains a 
cyclic peptide nucleus. Because enzymes have a high 
degree of specificity, differences in the peptide 

20 moiety and in the side chain of the substrate will 
affect the outcome of the deacylation attempt, in 
addition, many microorganisms make a large number of 
peptidases which attack different portions of the 
peptide moiety. This frequently leads to intractable 

25 mixtures of products. 

In each of the A-21978C antibiotics (formula 
3) , the fatty acid side chain (R N ) is attached at the 
a-amino group of the tryptophan residue. We have 
discovered that the fatty acid side chain can be 
30 cleaved by an enzyme without affecting the chemical 
integrity of the remainder of the A-21978C peptide. 
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The present invention relates also to a novel 
process for obtaining A-2197 8C cyclic peptide nuclei 
having formula £ 




4 

in which R is selected from the group consisting of 



hydrogen, an amino-protecting group, 8-methyldecanoyi , 
10-methylundecanoyl , 10-methyldodecanoyl , the specific 
25 C 1£) -alkanoyl group of A-21978C factor C Q and the spe- 
cific C, --alkanoyl moieties of A-21978C factors C 4 and 
C r ; R and R are, independently, hydrogen or an amino' 
protecting group; provided that, when R is other than 
hydrogen or an amino-protecting group, at least one of 
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and R must be an amino-protecting group, or to a 
Pharmaceutically-acceptable salt of these compounds. 
The cyclic peptides of formula 4 or their pharmaceu- 
tically-acceptable salts are useful intermediates in 
the preparation of new semi-synthetic antibacterial 
agents which are especially useful against gram-posi- 
tive microorganisms. 

The term "amino-protecting group" as used 
throughout this description refers to a recocnized 
amino-protecting group which is compatible with the * 
other functional groups in the A-21978C molecule. 
Preferably, amino-protecting groups are those which can 
be readily removed subsequently. Examples of suitable 
protecting groups can be found in "Protective Groups in 
Organic Synthesis" by Theodora W. Greene, John Wiley 
ar.d Sons, New York, 19 81, Chapter 7. Especially 
preferred amino-protecting groups are the tert - 
butoxycarbonyl and benzyloxycarbonyl groups. 

The cyclic peptides of formula 4 in which R 
is hydrogen and R or R is an amino-protecting croup 
or hydrogen include the common cyclic peptide of A-21978C 
factors C Q , C lf c 2 , C 3 , C 4 and C g (A-2197 8C nucleus) 
and blocked derivatives of A-21978C nucleus. A-21978C 
nucleus, i^ the compound of formula 4 in which each 
of R, R and R represents hydrogen, is alternated de- 
scribed by formula 2. 

A-21978C nucleus has the following charac- 
teristics: 

Form: white amorphous solid which fluoresces 
under short-wave UV 
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Empirical formula: C^H^N^gC^g 
Molecular weight: 1466 
Solubility: soluble in water 

Infrared absorption spectrum (KBr) : shown in 
5 Figure 1 of the accompanying drawings; absorption 
maxima are observed at the following frequencies 
(cm ) : 

3300 (broad) , 3042 (weak) , 2909 (weak) , 1655 
(strong), 1530 (strong), 1451 (weak) , 1399 (medium), 
10 1222 (medium) , 1165 (weak) , 1063 (weak) and 758 (medi- 
um to weak) 

Ultraviolet (UV) absorption spectrum (meth- 
anol) : UV maxima 223 nm (c 41,482) and 260 nm (e 3,687) 
Electrometric titration (66% aqueous dimethyi- 
15 formamide) : indicates the presence of four titra table 
groups with pK & values of about 5.2, 6*7, 8,5 and 11.1 
(initial pH 6.12) 

A particularly useful cyclic peptide of 
formula 4 is the compound in which R and R 1 represent 
20 hydrogen and R represents tert- but oxycar bony 1 . For 

convenience, this compound is designated "t-BOC nucleus", 
A-21978C t-BOC nucleus has the following characteristics; 

Form: white amorphous solid which fluoresces 
under short-wave UV 
25 Empirical formula: C 67 H 3o N 16°28 

Molecular weight; 156 6 
Solubility: soluble in water 
Infrared absorption spectrum (KBr) : shown 
in Figure 2 of the accompanying drawings; absorption 
maxima are observed at the following frequencies 



30 



(cm" 1 ) 
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3345 (broad), 3065 (weak), 2975 (weak), 2936 
(weak), -V1710 (shoulder), 1660 (strong), 1530 (strong), 
1452 (weak), 1395 (medium), 1368 (weak), 1341 (weak), 
1250 (medium) , 1228 (medium) , 1166 (medium to weak) and 
5 1063 (weak) 

Ultraviolet absorption spectrum (90% ethanol) : 
UV maxima 220 nm (c 42,000) and 260 nm (e 10,600) 

High-performance liquid chromatography: 
retention time = 6 min on 4.6- x 300-mra silica-gel 
10 C 18 column, using HjO/C^CN/CHjOH (80:15:5) solvent 

containing 0.2% KH 4 0Ac at a flow rate of 2 ral/min with 
UV detection. 

The blocked A-21978C factors of this in- 
vention are those compounds of formula 1 in which at 
15 least one of R 1 and R 2 is an amino-protecting group and 
R is selected from 8-raethyldecanoyl, 10-methylunde- 
canoyl, 10-methyldodecanoyl , the specific C 1() -alkanoyl 
group of A-21978C factor C Q and the specific C 12 - 
alkanoyl groups of A-21978C factors C 4 and Cg. 
20 The A-21978C blocked factors and cyclic 

peptides of this invention are capable of forming 
salts which are also part of this invention. Such 
salts are useful, for example, for separating and 
purifying the compounds. Pharmaceutically-acceptable 
25 alkali-metal, alkaline-earth-metal, amine and acid- 
addition salts are particularly useful. "Pharma- 
ceutically-acceptable" salts are salts which are 
useful in the chemotherapy of warm-blooded animals. 

For example, the A-2197 8C cyclic peptides of 
formula 1 have five free carboxyl groups which can form 
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salts. Partial, mixed and complete salts of these 
carboxyl groups are contemplated, therefore, as part of 
this invention. In preparing these salts, P H levels 
greater than 10 should be avoided due to the instability 
of the compounds at such levels. 

Representative and suitable alkali-metal and 
alkaline-earth metal salts of the A-21978C cyclic 
peptides of formula 1 include, among others, the sodium, 
potassium, lithium, cesium, rubidium, barium, calcium 
and magnesium salts. Suitable amine salts of the 
A-21978C cyclic peptides include the ammonium and the 
primary, secondary, and tertiary C^-C^-alkylammchium 
and hydroxy-C, -Chalky laromoniuxn salts. Illustrative 
amine salts include, among others, those formed by 
reaction of an A-21978C cyclic peptide with ammonium 
hydroxide, methylamine, sec -butyl amine, isopropylamine , 
diethylamine, di-isopropylamine, cyclohexylamine, 
ethanolamine, triethylamine, and 3-amino-l-propanol. 

The alkali-metal and alkaline-earth-metal 
caticnic salts of the A-21973C cyclic peptides of 
formula 1 are prepared according to procedures commonly 
used for the preparation of cationic salts. For 
example, the free acid form of the A-21978C cyclic 
peptide is dissolved in a suitable solvent such as warm 
methanol or ethanol; a solution containing the stoichio- 
metric quantity of the desired inorganic base in 
aqueous methanol then is added. The salt thus formed 
can be isolated by routine methods, such as filtration 
cr evaporation o£ the solvent. Another convenient 
method of preparing salts is by the use of ion-exchange 
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pre* a SaltS f ° rnied W±th ° rganic can be 

Prepared ,n a si milar manner . For b * 

A21978C cyclic peptide in a suitable solvent such as 
acetone; the solvent and excess am ine can be re Jve d by 
evaporation. vea 

The A-21978C cyclic peptides cf this in- 
vention also have free a.ino gr ou P s ana can 
therefore, acid addition salts which are also part of 
this invention. Kepresentative and suitaMe JJ! 
addition salts of the A-21978C cyclic peptides include 

With both organic and inorganic acids such as, for 
«-*!.. hydrochloric, sulfuric, phosphoric, acetic 

c™; citrie - lactic - ^-iC 

cnolic, pamoxc, mucic, D-crlutamio h „ u • 

n-.. yj-u^amic, a-camphoric , alut^Hf. 

glycolac, phthalic, tar^r^ i gj-utaric, 

r tartaric, lauric, stearic, sali- 

cylic, methanesulfonic, benzeneaulf onic, sorblc 
Picric, benzoic, or cinnamic acids. 

Preparation of ^ »--»o 78c cv e »n p,^,^. 

f :::o rr s r c r rv* 9roup 

— c 0 °; 5: 5; 5; 5 2 c s and blocked A - 2i97sc 



30 



0095295 



10 



X-5279M -17- 



I. Preparation of the Substrates 

A-21978C factors C Q , C^, C 2 , c 3 , C 4 and C 5 
are prepared as described in U.S. Patent No. 4,208,403. 
These factors are components of the A-21978C complex 
which is part of the A-21978 complex. 

The A-21978 complex may be produced by cul- 
turing Streptomyces roseosporus NRRL 11379 (deposited 
August 29, 1978) under submerged aerobic fermentation 
conditions until a substantial level of antibiotic 
activity is produced. The A-21978 complex is separated 
by filtering the fermentation broth, lowering the pH of 
the filtrate to about pH 3, allowing the complex to 
precipitate, and separating the complex by filtration. 
The separated complex may be purified further by ex- 
15 traction techniques. For isolation of the individual 
A-21978C complex and factors, chromatographic separa- 
tions are required. 

Blocked A-2197 8C complex and the blocked 
A-2197 8C factors C Q , C^, C 2 , C 3 , C 4 and C 5 of this 
invention (compounds of formula 1 in which R is selected 
from the group consisting of 8-methyldecanoyl , 10- 
methylundecanoyl, 10-methyldodecanoyl , and the C, Q - 
and C 12 -alkanoyl groups of factors C Q , C 4 and C 5 ) are 
prepared using procedures for protecting amino groups 
in peptides. The protecting groups are selected from 
the various known amino-protecting groups such as, for 
example , benzyloxycarbonyl , t-butoxycarbonyl , t-amyl- 
oxycarbonyl , isobornyloxycarbonyl , adamantyloxycar- 
bonyl, o-nitrcphenylthio, diphenylphosphinothioyl , 
chloro- or nitrobenzyioxycarbonyl . 
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Blocked A-21978C complex is especially advan- 
tageous as a substrate, it is prepared from the A-21978C 
complex, thereby avoiding the separation steps required 
to obtain the individual A-21978C factors; but, when it 
5 is deacylated, it gives a single product, i.e. the 
appropriately blocked nucleus. 

The Deacylation Procedure 

A « Preparation of the Enzyme 

10 1. The Producing Microorganisms 

The enzymes which are useful for deacylation 
of A-21978C factors C Q , c,, C3, ^ and C. and 

blocked factors C Q/ ^ , c 2 , C3, c 4 and C. may be pro- 
^ duced by certain microorganisms of the family Actino- 
planaceae , preferably the microorganism Actinoplanes 
utahensis NRRL 12052 (deposited October 9, 1979). 
Although a preferred method of cultivating A. utahensis 
NRRL 12052 to produce this enzyme is described in 
Example 1, those skilled in the art will recognize that 
other methods may be used. 

The Actinoplanaceae are a family of micro- 
organisms of the order Actinomycetales . First de- 
scribed by Dr. John N. Couch, this family was estab- 
lished in 1955 [J. Elisha M itchell Sei. Soc . 71 , 148- 
155 (1955)]. The characteristics of the family and of 
many individual genera are found in "Bergey • s Manual of 
Determinative Bacteriology- , 8th ed., R. E . Buchanan 
and N. E. Gibbons, Eds., The Williams & wilkins Co., 
^ Baltimore, Md. , 1974, pages 706-723. Ten genera have 
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thus far been distinguished: I. Actinoplanes (the type 
genus and thus far the most common genus); II. Spiril- 
lospora ; III. Streptosporangium ; IV. Amorphosporang- 
ium ? V. Ampullariella ; VI. Pilimelia ; VII. Planomono- 
5 spora; VIII. Planobispora ; IX. Dactylosporangium ; and 
X. Kitasatoa . 

Some of the species and varieties which have 
been isolated and characterized so far are: Actino- 
planes philippinensis , Actinoplanes armeniacus / Acting- 
10 planes utahensis , and Actinoplanes missouriensis ; 
Spirillospora albida; Streptosporiangium roseum, 
Streptosporangium vulgare , Streptosporangium roseum 
var. hollandensis , Streptosporangium album , Stre pto- 
sporangium viridialbum , Amorphosporangium auranticolor , 
15 Ampullariella regularis , Ampullariella campanulata , 

Ampullariella lobata , Ampullariella digitata , Pilimelia 
terevasa, Pilimelia anulata , Planomonospora paronto- 
spora, P 1 anomono spor a venezuelensis , Planobispora 
longispora , Planobispora rosea , Dactylosporangium 
20 aurantiacum , and Dactylosporangium thailandense . 

The genus Actinoplanes is a preferred source 
of the enzyme which is useful for this invention. 
Within the genus Actinoplanes , the species Actinoplanes 
utahensis is an especially preferred source. 
25 Cultures of other representative useful 

species which produce the enzyme are available to the 
public from the Northern Regional Research Center, 
Agricultural Research Culture Collection (NRRL) , U.S. 
Department of Agriculture, 1815 North University St., 
30 Peoria, Illinois 61604, U.S.A., under the following 
accession numbers: 
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Actinoplanes utahensis NRRL 12052 

(deposited October 9, 1979) 
Actinoplanes missouriensis NRRL 12053 

(deposited October 9, 1979) 
Actinoplanes sp. NRRL 8122 

(deposited Ocrober 17, 1975) 
Actinoplanes sp_. NRRL 12065 

(deposited November 5, 1979) 

Streptosporangium roseum 

var. hoflandensis NRRL 12064 

(deposited November 5, 1979) 

A. utahensis NRRL 12052 was derived from a 
parent culture which was also deposited with the 
American Type Culture Collection (ATCC) , 12301 Parklawn 
Drive, Rockville, Md. 20352 (A. utahensis ATCC 14539). 
The A. utahensis, ATCC 14539 culture may also be used as 
a source of the enzyme. 

A. missouriensis NRRL 12053 was derived from 
a culture which was also deposited with ATCC (A. 
missouriensis ATCC 14538) and which is another~~source 
of the enzyme. 

The effectiveness of any given strain of 
microorganism within the family Actinoplanaceae for 
carrying out the deacylation of this invention is 
determined by the following procedure, a suitable 
growth medium is inoculated with the microorganism. 
The culture is incubated at about 30°C. for two or 
three days on a rotary shaker. One of the substrate 
antibiotics is added then to the culture maintaining 
the pH of the fermentation medium at about pH 7.0. The 
culture is monitored for activity using a Micrococcus 
luteus aS say. This procedure is described in Sect. D. 
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Loss of antibiotic activity is an indication that the 
microorganism produces the requisite enzyme for de- 
acylation. This must be verified , however, using one 
of the following methods: 1) analysis by HPLC for 
presence of the intact nucleus; or 2) re-acylation with 
an appropriate side chain (e.g. lauroyl, n-decanoyl or 
n-dodecanoyl) to restore activity. Reduction in anti- 
biotic activity is difficult to distinguish when de- 
acylating blocked A-2197 8C material because addition of 
the blocking group causes an 80-90% reduction in anti- 
biotic activity • 
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2 . Conditions for Enzyme Production 

Production of the enzyme occurs under con- 
ditions satisfactory fcr growth of the Actinopianaceae , 
i.e., a temperature between about 25 and about 30°C. 
and a pH of between about 5.0 and about 8.0, with 
agitation and aeration. The culture medium should 
contain a) an assimilable carbon source such as su- 
crose, glucose, glycerol, or the like; b) a nitrogen 
source such as peptone, urea, ammonium sulfate, or the 
like; c) a phosphate source such as a soluble phosphate 
salt; and d) inorganic salts found generally to be 
effective in promoting the growth of microorganisms. 
An effective amount of the enzyme is generally obtained 
in from about 40 to about 60 hours after the beginning 
of the growth cycle and persists for seme time after 
nhe effective growth has been reached. The amount of 
enzyme produced varies from species to species of the 
organism and in response to different growth conditions 
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As will be apparent, the microorganisms which 
produce the enzyme , such as Actinoplanes utahensis NRRL 
12052, are subject to variation. For example, arti- 
ficial variants and mutants of these strains may be 

5 obtained by treatment with various known mutagens such 
as ultraviolet rays, X-rays, high-frequency waves, 
radioactive rays, and chemicals. All natural and 
artificial variants and mutants which are obtained from 
the Actinoplanaceae and which produce the enzyme nay be 

10 used in this invention. 

3 « Deacylation Conditions 

The substrate used as the starting material 
preferably is added to the culture of Actinoplanaceae 

15 after the culture has been incubated for about 48 

hours. The concentration of substrate in the conver- 
sion medium can vary widely. For maximum use of the 
enzyme and for substantially complete deacylation 
within a thres-hour period, however, the concentration 

20 of substrate will generally range from about one to 
about three mg/ml. Lower concentrations can be used, 
but may not make maximum use of the enzyme; higher 
concentrations can be used also, bur the substrate may 
not be completely deacylated unless the fermentation 

25 time is extended. 

Conversion of the substrate antibiotic to 
A-21978C nucleus according to this invention proceeds 
cest when the p H of the fermentation medium is main- 
tained in the range of from about 7.0 to about 7.2. 
30 Below P K 7, deacylation proceeds slowly; as pK values 



NSDOCID- <FP Anocmc 



0095295 



X-5279M 

move above pH 7.2, the nucleus which is formed is 
increasingly subject to alkaline hydrolysis. In stirred 
fermentcrs the pH may be controlled by sensor con- 
trollers. Where this is impractical/ such as in flask 
5 fermentors, pH may be controlled by adding 0.1 molar 

phosphate buffer to the medium prior to addition of the 
substrate. 

After addition of the substrate, incubation 
of the culture should be continued for about 3-6 
10 hours or longer. The purity of the substrate will 

affect the rate of deacylation. For example, a sub- 
strate having a purity of greater than 50 percent is 
deacylated at a rate of about 2.5 mg/ml of antibiotic 
in 3 hours. When substrates of lower purity are used, 
15 the deacylation proceeds at a somewhat slower rate. 

Multiple substrate feedings may be made. For 
example, 0.75 mg/ml of antibiotic may be fed at 24- 
hour intervals for at least five or more additions. 

The deacylation can be carried out over a 
20 broad temperature range, e.g. from about 20 to about 
4 5°C. It is preferable, however, to carry out the 
deacylation at a temperature of about 30 °C. for optimum 
deacylation and stability of substrate and nucleus. 

C. The Substrate 

It is preferable, but not essential, to use 
purified antibiotic as the substrate. Because purified 
substrate is soluble in water or in buffer, it can be 
handled more conveniently. Moreover, with purified 
substrate the deacylation proceeds more rapidly. 
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Semipurified substrates containing as little as 15 
percent of the starting antibiotic have been deacylated 
successfully. 

The substrate antibiotics have antibacterial 

5 activity. Thus, although the substrate materials 

(especially those of low purity) may harbor bacterial 
cells or spores which presumably could grow in the 
deacylation medium and affect the deacylation reaction 
or the stability of the starting antibiotic or the 

10 product nucleus, this has not been observed. It is not 
necessary, therefore, that the substrates be sterile, 
especially for short deacylation periods. 

D. Monitoring the Deacylation 

15 A-2197 8C factors C Q , , C 2 , C 3 , C 4 and C 5 

are antibacterial agents which are especially active 
against Micrococcus luteus. For this reason an assay 
using X. luteus is preferred for determining quantities 
of substrate present. The A-21978C nucleus which is 

2Q formed is water soluble, but is biologically inactive. 
Reduction in biological activity is, therefore, a 
quick, presumptive test for deacylation. 

The amount cf nucleus formed can be quanti- 
tated by KPLC analysis, using the system described. 

25 E. Use of Resting Cells 

An alternate method of deacylation involves 
removing the Actinoplanaceae cells from the culture 
medium, resuspending the cells in a buffer solution, 
and carrying out the deacylation as described in Sect. 
30 B. When this method is used, the enzymatically active 
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mycelia can be reused. For example, A. utahensis NRRL 
12052 mycelia retain deacylase activity after storage 
for one month or longer under refrigeration (4-8° C.) 
or in the frozen state (-20° C). A preferred buffer 
solution is 0.1 molar phosphate buffer. 

F. Immobilized Enzymes 

Yet another method of carrying cut the 
deacylation is to immobilize the enzyme by methods 
known in the art, (See, for example, "Biomedical 
Applications of Immobilized Enzymes and Proteins", 
Thomas Ming Sv/i Chang, Ed., Plenum Press, New York, 
1977; Vol, 1.) The immobilized enzyme can then be used 
in a column (or other suitable type of reactor) to 
effect the deacylation. 

In addition, the microorganism itself can be 
immobilized and used to catalyze the deacylation 
reaction. 



10 



15 



20 



Utility of the A-2197 8C Cyclic Peptides 

The A-21978C cyclic peptide nuclei and their 
salts are useful intermediates in the preparation of 
semi-synthetic antibacterial compounds . 

Therefore, in another aspect of this invention, 
compounds having the structure shown in formula 1: 



25 



30 
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in which R, R 1 and R 2 are, independently, hydrogen. 
C 4" C 14" alk y 1 ' optionally substituted C 2 -C 19 -alkanoyl , 
C 5" C 19" aiken °y 1 °r an amino -protecting group, R 3 , r 4 ' 
and R^are all hydrogen, or (i) r 3 and R 1 ,- and/or 
(ii) R and R, and/or (±ii) r 5 and R 2 # takea together 
may represent a C 4 -c 14 alkylidene group, provided that 1) 
the R, R- and R groups must together contain at least 
four caraon atoms, and 2) when R 1 and R 2 are both 
selected from hydrogen group, R cannot be 8-methyl- 
decancyl, 10-methylundecanoyl, 10-methyldodecanoyl, the 
specific C 10 -alkanoyl group of A-21978C factor C or 
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the specific C 12 -alkanoyl groups of A-21978C factors C 4 
and C 5 ; or a pharmaceutically-acceptable salt thereof, 
are chemo therapeutically -useful antibiotics. 

The term "C 4 -C 14 -alkylidenyl" refers to a 

group of the formula i2/ 0= in which R and R are 

R 

hydrogen or an alkyl group of from 3 to 13 carbon 

atoms, provided that one of R 11 and R 12 must be other 

10 than hydrogen and further provided that the sum of tha 

carbon atoms in R 11 and R 12 must be no greater than 13. 

1 2 

Those compounds in which at least one of R, R or R xs 

C -c -alkylidenyl are known as Schiff ' s bases. 
4 14 

The term "C 4 -C 14 -alkyl B refers to a univalent 
15 saturated, straight- or branched -chain alkyl group 

containing from 4 to 14 carbon atoms. Those compounds 
in which one of R, R 1 or R 2 are c 4 -C 14 -alkyl are pre- 
pared by reduction of the corresponding compounds where 
the R, R 1 or R 2 group is c 4 -C 14 -alkylidenyl. The 
20 resulting alkyl derivatives are referred to as "reduced 
Schiff s bases". 

The compounds of formula 1^ in which one or 
more of the amino groups are substituted by an alkylidenyl 
(the Schiff 's bases) or alkyl group (the reduced Schiff* s 
25 bases) can be prepared by known methods for preparing 
Schiff 's bases and reducing such bases, respectively. 
Thus, the Schiff s bases are prepared by reaction 
(condensation) of the primary amino group of tryptophan, 
ornithine or kynurenine of A-2197 8C with an appropriate 
30 aldehyde or ketone in a suitable solvent. Reduction of 
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the imine bond of the Schiff's base, to obtain the 
corresponding formula 1 compound in wltlch R, R 1 or R 2 
is alkyl , can be accomplished by known selective 
reduction procedures. A preferred reducing agent for 
5 this reaction is sodium cyanoborohydride . 

Under the in vitro test conditions used, the 
Schiff's bases do not show antibacterial activity, 
possibly due to their instability in the assay medium. 
They are useful, however, as intermediates to the 
10 reduced Schiff's bases. When the Schiff's base is used 
as an intermediate, it is not necessary to isolate the 
intermediate prior to reducing it to form the reduced 
Schiff's base. 

The terms "optionally substituted C n -C 19 ~ 
15 alkanoyl" and "Cg-C^-alkenoyl" refer to acyl groups 
derived from carboxylic acids containing from 2 to 19 
and 5 to 19 carbon atoms, respectively. When the R 
group is alkanoyl, the alkyl portion is a univalent 
saturated, straight-chain or branched-chain hydrocarbon 
20 radical which optionally can bear one hydroxy 1 group or 
from one to three halo substituents selected from 
chlorine, bromide, and fluorine. When R is alkenoyl, 
the alkenyl portion is a univalent, unsaturated, 
straight-chain or branched-chain hydrocarbon radical 
25 containing not more than three double bonds. Any one 
of the double bond(s) of the unsaturated hydrocarbon 
chain may be in the cis or trans configuration. 
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The term "amino-pro tec ting group" refers to a 
recognized amino-protecting group as defined supra . 

The following are preferred embodiments of 
these compounds of formula 1: 

(a) The compounds in which R is alkanoyl of 

0 
ii 

the formula CH~ (CH 0 ) -C- , in which n is 
an integer from 3 to 17; 

(b) The compounds in which R is alkanoyl of 

0 



10 



the formula CH 3 (CK 2 ) n -C- , in which n is 
5 to 14; 

(c) The compounds in which R is alkanoyl cf 

CH 3 0 
the formula CH 3 (CH 2 ) n CH (CH 2 ) m -C-, 

15 in which n and m are each 7 independently, 

an integer from 0 to 14 , provided that 

n + m must be no less than 1 and no 

greater than 15; and further provided 
1 2 

that, if R and R are hydrogen, when n 
20 is 0, ra cannot be 8 and, when n is 1, m 

cannot be 6 or 8 ; 
(d) The compounds in which R is cis or trans 
alkenyl cf the formula 

O 

25 CK-, (CH~) CH=CH(CH 0 ) -C- 

J £ n £ m 

in which n and m are each, independently, 

an integer from 0 to 14, provided that 

n + m must be no less than 1 and no 

greater than 15; 
30 y 
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(e) The compounds in which R is cis or trans 
alkenyl of the formula 

O 

CH 2 =CH(CH 2 ) n C- 

in which n is an integer from 4 to 15; 

(f) The compounds in which R is alkyl of the 
formula CH 3 (CH 2 > n - and n is an integer 
from 5 to 12; and 

10 (g) The compounds in which R is: 

O 

CH 3 (CH 2 ) 5 -C- 
O 

CH 3 (CH 2 ) 6 -C- 
15 0 

CH 3 (CH 2 ) 7 -C- 
0 

CH 3 (CH 2 ) g -C- 
O 



30 



M 



20 CH 3 (CK 2 )g-C- 

0 

CH 3 (CH 2 ) 10 -C- 

0 

CH 2 =CH- (CE 2 ) 3 -C- 
25 0 

fl 



CH 3 (CH 2 ) n -C- 
0 

CH 3 (CH 2 ) la -C- 



L, C-Y*Y""-n . -3 
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CH 3 - (CH 2 ) 3 -CH=CH- (CH 2 ) ? -C- 



O 

fl 



CH 3 (CH 2 ) 13 -C- 

O 

CH 3 CH 2 CH (CH 3 ) - (CH 2 ) g -C- 

ch 3 (ch 2 ) i;l - 



CH 3 (CH 2 ) 1() CH= 



CH 3 (CH 2 )g- 
CH 3 (CH 2 ) 5 CH= 
15 CH 3 (CH 2 ) 9 - 

CH 3 (CH 2 )gCH= 



These alkanoyl and alkenoyl derivatives of 
formula 1 are prepared by acylating an A-21978C nucleus 
with the desired alkanoyl or alkenoyl side chain using 
conventional methods for forming an amide bond. In 
general, the acylation is accomplished by reacting a 
nucleus with an activated derivative of the acid 
(formula 7) corresponding to the desired acyl side 
chain . 

R 10 -COOH (7) 

1 0 

(R is optionally substituted c 1 " c ^3 alkyl or C 4 "C 18 
30 alkenyl) . 
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In another aspect of this invention, other 
chemotherapeutically-useful compounds have the general 
formula 1: 

I i! 



I 



o=»: 



\ 



\ 



S 



:osh 



> 



WAV 



< 



I! 



vv 



I 



rl 



6 



H0£C / 
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These additional derivatives are those in 
which R is hydrogen, 8-methyldecar.oyl , 10-methyldo- 
decanoyl, 10-methylundecanoyl , the specific C - 
alkanoyl group of A-21978C Q or the specific C 12 ~ 
alkanoyl groups of A-21978C factors and C_ , an 
amino-protecting group, an aminoacyl group of the 



formula -C-Q-NH 2 in which Q is C^-C^ alkylene or an 
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N-alkanoylaminoacyl group of the formula -W-C-R 7 in 
which: 

W is a divalent aminoacyl radical of the formula: 
0 

(a) -C-A-NH- 

in which A is C^-C^ alkylene or C 5 -C g cyclo- 
alkylene; 
O R 8 

(b) -C-CH-NH- 

.8 



10 



15 



25 



in which R is hydroxymethyl r hydroxyethyl , 
mercaptomethyl , mercaptoethyl, methyl thio- 
ethyl, 2-thienyl, 3-indole-methyl , phenyl, 
benzyl, or substituted phenyl or substituted 
benzyl in which the benzene ring thereof is 
substituted with chloro, bromo, iodo, nitro, 
C 1~ C 3 alkyl, hydroxy, C^-Cj alkoxy, C 1 -C 3 
alkylthio, carbamyl, or alkylcarbamyl ; 



20 % 



30 



in which X is hydrogen, chloro, bromo, iodo, 
amino, nitro, C^-C^ alkyl, hydroxy, C-^C^ 
alkoxy, mercapto, C 1 ~C 3 alkylthio, carbamyl, 
or C^-^ alkylcarbamyl; 

v4 
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in which is chloro, bromo , iodo, amino, 
hydroxy, C-^-Cg-alkyl or C^-C-j-alkoxy; 

— NH 



(f) .: *J ^ 



io Vi ' _W" 



in which B is a divalent radical of the 
formula: - (CK 0 ) - and n is an integer from 1 

to 3; -CH=CH-; -CK=CH-CH 9 ~; or -CH,NHC-? 

7 13 4 

R is C^-C^ alkyl or C2~C^^ alkenyl; R , R , R and 

R^ are hydrogen and R 2 is hydrogen, an amino-protecting 

0 

It 

20 group, an aminoacyl group of the formula -C-Q~NH 2 as 
herein defined, or an N-alkanoylaminoacyl group of the 
0 

formula -W-C-E' as herein defined; provided that when 

R is other than hydrogen, aminoacyl, an amino-protecting 

2 

25 group or N-alkanoylaminoacyl, R must be aminoacyl, 

N-alkanoylaninoacyl or an aminc-protecting group; or a 
pharmaceutically-acceptable salt thereof. 

The terms "alkylene" , "alkyl", "alkoxy", 
"alkylthio", and "alkenyl" as used here comprehend 

3Q both straight and branched hydrocarbon chains. "Alkyl" 
means a univalent saturated hydrocarbon radical. 
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"Alkenyl" means a univalent unsaturated hydrocarbon 
radical containing one, two, or three double bonds, 
each oriented in the cis or trans configuration, 
"Alkylene" means a divalent saturated hydrocarbon 
5 radical . "Cycloalkylene" means a divalent cyclic 
saturated hydrocarbon radical. 

Illustrative ^-C^ °* C^-C^g alkylene 
radicals which are preferred are: 

R 5 

10 -CH 2 -; -CH- in which R 5 is C^C^ alkyl (i.e., 

methyl, ethyl, n-propyl, i-propyl, n-butyl, t-butyl , 
i-butyl, or 1-methylpropyl) "(CH 2 )- in which m is an 
integer from 2 to 10; and CH 3 " (CH 2 ) q -CH- (CH 2 ) p -, in 
which p is an integer from 1 to 8 and q is an integer 

15 from 0 to 7, provided that p + q must be no greater 
than 8. 

For this aspect of the invention, illustrative 
C 1 -C 17 alkyl groups which are preferred are: 
(a) CH 3 -; 

20 (b) "( CH 2 ) n CH 3 in which n is an inte S er from 1 to 

16; and 

CH 3 

(c) -{CH 2 ) r CH(CH 2 ) s CH 3 in which r and s are, in- 
dependently, an integer from 0 to 14 provided 
that r + s can be no greater than 14. 
Illustrative C«-C, - alkenyl radicals which 
are preferred are: 

(a) -(CH 2 ) t -CH=CH-(CH 2 ) u -CH 3 in which t and u are, 
independently, an integer from 0 to 14 pro- . 
30 vided that t + u can be no greater than 14. 
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(b) - (CH 2 J V -CH-CH- (CH 2 ) y -CH«CH- (CHj) z -CH 3 
in which v and z are, independently , an 
integer from 0 to 11 and y is an integer from 
1 to 12 provided that v + y + z can be no 
5 greater than 12. 

In particular, the following embodiments of 
the C 1 -C 17 alkyl groups are preferred: 

CH 3~ 

10 CH 3 (CH 2 ) 5 - 
CH 3 (CH 2 ) 6 - 
CH 3 (CH 2 )g- 
CH 3 (CH 2 ) 10 - 

CHg (CH2) ^2"" 

15 CIi 3 (CH 2)l4- 
CK 3 (CH 2 ) 16 - 

In particular, the following embodiments of 
the c 2 -c 17 alkenyl groups are preferred: 

cis-CH 3 (CK 2 ) 5 CH=CH (CH 2 ) ? - 

20 

trans-CH 3 (CH 2 ) 5 CH=CH (CH 2 ) 

cis-CH 3 (CH 2 ) 1Q CH=CH (CH 2 ) A ~ 

trans-CH 3 (CH 2 ) 1Q CH=CH(CH 2 ) 4 ~ 
25 cis-CH 3 (CH 2 ) 7 CK=CK(CH 2 ) 7 - 

trans-CH 3 (CK 2 ) ? CH=CH (CH 2 ) ? - 

cis-CH 3 (CH 2 ) 5 CH-CH{CH 2 ) Q - 

trans-CH 3 (CHj) 5 CH«CH (CH,) g - 
3C cis, cis-CH 3 (CH 2 ) 4 CH=CHCH 2 CE=CH(CK 2 ),- 

trans, trans- CH^ <CH 2 ) 4 CH=CHCH 2 CH»CH (CH 2 ) ? - 

cis / cis > cis- CE 3 CH :: CH=CHCH 2 CH=CHCH z CH=CH- (CK 2 ) ? - 



0095295 



X-5279M -37- 



When "W" is a divalent radical of the 

formula 



10 



15 



20 



H + 



-NH- 



it will be recognized by those skilled in the art that 
0 

the -C- function and the -NH- function may be orient?ed 
on the benzene ring in the ortho, meta, or para con- 
figuration relative to each other. The substituent 
represented by X may be substituted at any available 
position of the benzene ring. Preferred embodiments 

0 
ii 

are those in which X is hydrogen and the -C- and -NH- 

functions are oriented in the para configuration. 

The terms "substituted phenyl" and "substi- 

8 

tuted benzyl", as defined in connection with R , 
contemplate substitution of a group at any of the 
available positions in the benzene ring — i.e. the 
substituent may be in the ortho, meta , or para con- 
figuration. The term "C^-C^ alkyl" as defined in 
connection with R 8 or X includes the methyl , ethyl, 

n-propyl, or i-propyl groups. 
25 "~ ~~ 2 

Illustrative R and/or R aminoacyl and N- 

alkanoylaminoacyl groups are provided in the Examples, 

2 

infra . Other such illustrative R and/or R groups 
are: 

30 4-[N- {n-octanoyl) amino] cyclohexan-l-carbonyl , 

7- [N- (n-heptanoyl) amino) -n-octanoyl , 
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acetyl , 
acetyl , 



10 



a-hydroxymethyl-a- [N- (n-pentadecanoyl) amino] - 
a- (m-methoxyphenyl) -a- [N- (n-heptanoyl) amino] - 



m-chloro-p_- IN- (n-nonanoyl) amino ] benzoyl , 
2 , 4-dihydroxy-5- [N- (n-decanoyl) amino] benzoyl , 
4- [N- (3-methylbutanoyl) amino] nicotinoyl , 
4 _ [ N _ (n-heptadecanoyl) amino] phenylpropionyl and 
p- [N- (n-hexadecanoyl) amino] hippuryl . 

3 These compounds of formula 1 are prepared by 

acylating an A-21978C nucleus with the appropriate 
N-alkanoyiaminoacyl or N-alkenoylaminoacyl side chain 
using methods conventional in the art for forming an 
amide bond. The acylation is accomplished, in general, 

5 by reacting a nucleus with an activated derivative of 
the acid (formula 5) corresponding to the desired acyl 
side chain group. 

0 



" 7 
HO-W-C-R' 



(W and R 7 have the meaning described herein supra) . 
In yet another aspect of this invention, 
other derivatives of structure 1 are those in which R 
is a substituted benzoyl group of the formula 



»_L 



30 



!t _ r\ n " 
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2 

in which X is hydrogen, chloro, bromo, iodo, nitre, 

C 1 -C 3 alkyl, hydroxy, C^-Cg alkoxy, or C^C^ alkylthio; 

1 3 4 5 2 

R , R , R and R are hydrogen; R is hydrogen or an 

amino-protecting group; and R^ is C 0 -C,- alkyl; or a 

pharmaceutically-acceptable salt thereof. 

0 

The substituted benzoyl group, the -c- 
function and the -OR function may be oriented on the 
benzene ring in the ortho, meta , or para position 
10 relative to each other. The para orientation for these 
groups is preferred. The substituent represented by X 2 
may be substituted at any available position of the 
benzene ring not occupied by these two groups. 

The tern "alkyl" as used in this aspect of 
15 the invention comprehends both straight and branched 
hydrocarbon chains. 

Illustrative c g~C 15 alkyl radicals which are 
preferred for R 6 are: 



20 



25 



(a) "^ CH 2^n CH 3 in wh ^ cl1 n ^ s an integer from 
7 to 14; and 

i J 

(b) -(CH 2 ) r CH(CH 2 ) s CH 3 in which r and s are, 
independently, an integer from 0 to 12, 
provided that r + s can be no greater 
than 12 or no less than 5. 



30 
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These compounds of formula 1 are prepared by 
acylating an A-21978C nucleus, using methods conventional 
in the art for forming an amide bond. The acylation is 
accomplished, in general, by reacting the selected 
5 compound with an activated derivative of the substi- 
tuted benzoic acid (formula 6) corresponding to the 
desired acyl group (R, R 1 , R 7 ) : 



10 




i 6 

15 (X and R have the meanings described supra ) . 

Illustrative compounds of formula £ include 
the following: p- (n-octyloxy) benzoic acid, £-(n- 
decyloxy) benzoic acid, £- (n-dodecyloxy) benzoic acid, 
p_- (n-pentadecyloxy) benzoic acid, m-chloro-p- (n- 

20 dodecyloxy) benzoic acid, £-chloro-m- (n-decyloxy) benzoic 
acid, m- (n-dodecyloxy) -p_-methylbenzoic acid, m-methoxy- 
£- (n-octyloxy) benzoic acid and m-hydroxy-g- (n-pentyl- 
oxy) benzoic acid. 

"Activated derivative", as used throughout 

25 the specification, means a derivative which renders the 
carboxyl function of the acylating agent reactive to 
coupling with a primary amino group to form the amide 
bond which links the acyl side chain to the nucleus. 
Suitable activated derivatives, their methods of prep- 

30 aration, and their use as acylating agents for a primary 
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amine will be recognized by those skilled in the art. 
Preferred activated derivatives are: (a) an acid 
halide (e.g. an acid chloride), (b) an acid anhydride 
(e.g. an alkoxyformic acid anhydride or aryloxyf ormic 

5 acid anhydride) or (c) an activated ester (e.g. a 

2,4,5-trichlorophenyl ester, an N-hydroxy~benztriazole 
ester, or an N-hydroxysuccinimide ester). Other methods 
for activating the carboxyl function include reaction 
of the carboxylic acid with a carbonyldiimide (e.g. 

Iq N,N 1 -dicyclohexylcarbodiimide or N ,N '-diisopropyl- 
carbodiimide) to give a reactive intermediate which, 
because of instability, is not isolated. Such a re- 
action with the primary amine is carried out in situ. 

Those skilled in the art will recognize that 

15 the compounds of formula 1 are prepared using selective 
acylation procedures with the assistance of amino- 
protecting groups. For example, when a compound of 
formula 1 in which R, R 1 and R 2 are hydrogen is the 
starting material, acylation can occur at both the 

20 a-amino group of tryptophan and the S-amino group of 

ornithine to give N Trp , N 0rn ~diacyl derivatives. To 

obtain derivatives monoacylated at the a-amino group of 

tryptophan, therefore, it is preferable to acylate a 

compound of formula 1 in which the 6 -amino group of 
• • 2 

25 ornithine (the R position) is blocked by an amino- 
protecting group. Such starting materials are pref- 
erably obtained by blocking the A-21978C factor at this 
position before it is deacylated. The aromatic amino 
group of kynurenine is the least reactive of the three 

30 free amino groups in the A-21978C nucleus. Acylation 
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at kynurenine involves appropriate blocking of the 
amino groups of tryptophan and ornithine, but acylation 
at R or R does not usually involve blocking the .amino 
group of kynurenine • 

Schemes I, II, and III outline general pro- 
cedures for the preparation of the compounds of formula 

1 2 

1 in which one of R, R or R* is alkanoyl, alkenoyl, or 
an amino-protecting group* In these Schemes the 
following symbols are used: 

[*3 = remainder of A-21978C 

N.p = a-amino group of tryptophan 

N 0 ~ 6 " ara i n o group of ornithine 

N_, = aromatic amino group of kynurenine 



10 



20 



1 *> 

15 Rf R , R - substituents as defined 

Rjj - acyl group of natural factor 

B, B 1 « amino-prctecting groups 

Acyl » an acylation step 

Deacyl « a deacylation step 

Block » acylation with an amino-protecting group 

Deblock = removal of an amino-protecting group 

In Scheme I the N Trp -monoacyl derivatives of 
A-21978C are represented by general formula 3 and the 
25 N Trp' N 0rn" diacyl de *ivatives of A-21978C are repre- 
sented by general formula 4. Those N m , -diacvl 

— Trp ' Crn ^ 

derivatives in which the N Trp -acyl group is that of a 

natural A-21978C factor are represented by general 
formula 8. 

30 
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In Scheme II the N Trp , N Ryn -diacyl deriv- 
atives of A-21978C are represented by general formu- 
la 1£. Those N Trp , N Kvn -diacyl derivatives in which 
the N Trp -acyl group is that of a natural A-21978C 
factor are represented by general formula 12 . The 
compounds having general formulas 5_, £ and 7 are also 
described in Scheme I . 
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In Scheme III the N 0rn -raonoacyl derivatives 
of A-21978C are represented by general formula 18, the 
N Kyn -monoacyl derivatives of A-2197 8C are represented 
by general formula 15, and the N Qrn , N Kyn -diacyl deriv- 
5 atives of A-21978C are represented by general formula 

2£. The compounds having general formula 6 are described 
also in Schemes I and II. 
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A preferred method for preparing the com- 
pounds of formula 1 is the active ester method. The 
2,4,5-trichlorophenyl ester of the desired acid is a 
preferred acylating agent, m this method, an excess 
amount of the active ester is reacted with a formula 1 ' 
compound at room temperature in a non-reactive organic 
solvent such as DMF, THF , diethyl ether or dichloro- 
methane. The reaction time is not critical, although a 
time of about 6 to about 120 hours is preferred. At 
the conclusion of the reaction, the solvent is removed 
and tne residue is purified by a recognized method, 
such as by column chromatography. t-EOC groups can be 
removed by treatment with trif luoroacetic acid/anisole/ 
triethylsilane or, preferably, trifluoroacetic acid/1 2- 
ethanedithiol for from about three to about five minutes 
at room temperature. After the solvent is removed, the 
residue can be purified by reversed-phase HPLC. 

The 2,4,5-trichlorophenyl esters of *he 
corresponding acids can be prepared conveniently by 
treating the desired acid with 2 ,4 ,5-trichlorcpher.oi in 
the presence of a coupling agent, such as N,N«-di- 
cyclohexylcarbodiimide. other methods suitable for 
preparing acid esters will be apparent to those skilled 
in the art. 

25 The alkanoic and alkenoic acids used in one 

aspect of this invention as starting materials and 
the activated derivatives thereof (in particular, the 
acid chlorides and the 2,4,5-trichlorophenyl esters), 
are Known compounds or can be prepared from known 

30 compounds by known methods. The 2,4,5-trichlorophenyl 
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esters are made conveniently by treating the acid 
chloride of the alkanoic or alkenoic acid with 2,4 f 5- 
trichlorophenol in the presence of pyridine or by 
treating the free alkanoic or alkenoic acid with 2/4/5- 
5 trichlorophenol in the presence of N ,N ' -dicyclohexyl- 
carbodiimide. The 2 ,4 , 5-trichlorophenyl ester deriv- 
ative can be purified by column chromatography over 
silica gel. 

An alternative acylation method for preparing 
10 the alkanoyl and aikenoyl derivatives is a modified 
Schctten-Baumann procedure in which the unblocked 
nucleus is treated with the acid chloride of the de- 
sired alkanoic acid or alkenoic acid in a pyridine/ 
water mixture. In this method/ an excess of the acid 
15 chloride in a non-reactive organic solvent (such as 
acetone) is added slowly to a solution of the nucleus 
in 90% pyridine/10% water (by volume) . The unreacted 
acid chloride is separated from the reaction product by 
extraction into an immiscible organic solvent (e.g., 
20 diethyl ether) . Final purification is by reversed- 
phase HPLC, as previously described. 

The N-alkanoylamino acids or tf-alkenoylamino 
acids used as starting materials for derivatives of 
formula 1_ are either known compounds or they can be 
25 made by acylating the appropriate amino acid with the 
desired alkanoyl or aikenoyl group using conventional 
methods. A preferred way of preparing the N-alkanoyl- 
amino acids is by treating the appropriate amino acid 
with an alkanoic acid chloride in pyridine. The 
30 alkanoic or alkenoic acids, the activated derivatives 
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thereof , and the amino acids used are either known 
compounds or they can be made by known methods or by 
modification of known methods apparent to those skilled 
m the art. 

If a particular amino acid contains an 
acylable functional group other than the amino group, 
it will be understood by those skilled in the art that 
such a group must be protected prior to reaction of the 
ammo acid with the reagent used to attach the N- 
aikanoyl or N-alkenoyl group. Suitable protecting 
groups can be any group known in the art to be useful 
for the protection of a side chain functional group in 
Peptide synthesis. Such groups are well known, and the 
selection of a particular protecting group and its 
method of use will be readily known to one skilled in 
the art [see, for example, "Protective Groups In 
Organic Chemistry", M . McOmie, Editor, Plenum Press, 
N.Y., 1973]. 
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Certain amino acids used in the synthesis of 
these products may exist in optically active forms. 
Both the natural configuration (L-conf iauration) and 
D-configuration may be used as starting materials. 

The substituted benzoic acids used as start- 
ing materials for some of the A-2.1978C derivatives, and 
the activated derivatives thereof are either known 
compounds or they can be made from known compounds by 
methods known in the art. The alkoxybenzoic acids can 
be prepared conveniently from an appropriate hydroxv- 
benzoic acid by reacting an appropriate alkyl haUde 
with the disodium salt of the appropriate hydroxyben- 
zoic acid. 
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The hydroxybenzoic acids and substituted 
derivatives thereof used as starting materials in the 
processes described are either known compounds or can 
be prepared by conventional methods. 
5 The compounds prepared from an A-21978C 

nucleus inhibit the growth of pathogenic bacteria as 
evidenced by standard biological test procedures. The 
compounds are useful, therefore , for controlling the 
growth of bacteria on environmental surfaces (as an 
10 antiseptic) or in treating infections caused by bacteria. 
The antibiotic activity of the compounds has been 
demonstrated in vitro in agar-plate disc-diffusion 
tests and in agar-diiution tests and in vivo in tests 
in mice infected with staphylococcus aureus and Strepto- 
15 coccus pyogenes . The compounds are particularly useful 
in treating infections caused by gram-positive organisms. 

When an A-21978C cyclic peptide of this 
invention is used as an antibiotic, it may be admin- 
istered either orally or parenterally . As will be 
20 appreciated by those skilled in the art, the A-2197 8C 
compound is commonly administered together with a 
pharmaceutically acceptable carrier or diluent. 

The compounds can be administered intra- 
venously or intramuscularly by injection in the form of 
25 a sterile aqueous solution or suspension to which may 
be added, if desired, various conventional pharmaceu- 
tically acceptable preserving, buffering, solubilizing, 
or suspending agents. Other additives, such as saline 
or glucose may be added to make the solutions isotonic. 
30 The proportions and nature of such additives will be 
apparent to those skilled in the art. 
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For oral use, the compounds can be admin- 
istered in combination with pharmaceutical^ acceptable 
carriers or excipients in the form of capsules, tablets 
or powders. The nature and proportion of such carriers 
or excipients will be recognized by those skilled in 
the art. 

The dosage of A-21978C compound will depend 
upon a variety of considerations, such as, for example, 
the particular compound being used and the nature and 
severity of the. infection to be treated. Those skilled 
in the art will recognize that appropriate dosage 
ranges or dosage units for administration may be 
determined by considering the MIC and ED Sfl values and 
toxicity data provided together with factors such as 
Pharmacokinetics, characteristics of the patient or 
host and the infecting microorganism. 

In order tc illustrate more fully the in- 
vention, the following non-limiting examples are pro- 
vided. 

EXAMPLE 1 

Preparat ion of A-21978C Nucleus 

A - Fe rnientation of Actinoplanes utahensis 

A stock culture of Actinoplanes utahensis 
NRRL 12052 is prepared and maintained on an agar 
slant. The medium used to prepare the slant is se- 
lected from one of the following: 
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MEDIUM A 

Ingredient Amount 

Pre-cooked oatmeal 60.0 g 

5 Yeast 2.5 g 

K 2 HP0 4 1.0 g 

Czapek's mineral stock* 5.0 ml 

Agar 25.0 g 

Deionized water q.s. to 1 liter 

10 P H before autoclaving is about 5.9; adjust to pK 7.2 
by addition of NaOH; after autoclaving, pK is about 
6.7. 

Czapek's mineral stock has the following composition: 

15 Ingredient J Amount 

FeS0 4 *7H 2 O (dissolved in 

2 ml cone HC1) 2 g 

KC1 100 g 

MgS0 4 -7H a O 100 g 

20 Deionized water q.s. to 1 liter 



30 
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MEDIUM B 

Ingredient 



20 



Amount 



Potato dextrin 5.0 g 



0.5 g 



Yeast extract 
Enzymatic hydrolysate of 

CaSein * 3.0 g 

Beef extract 0>5 g 

Glucose 125q 

Corn starch 5 ^ 0 g 

10 Meat peptone 5.0 g 

31ackstrap molasses 2.5 g 

MgS V 7E 2° 0.' 25 g 

CaCO- i 

3 1 . 0 g 

Czapek's mineral stock 2.0 ml 

15 Agar 20.0 g 

Deionized water q#s . to [ liter 

N-Z-Amine A, Humko Sheffield Chemical, Lyndhurst, 



N.J. 



25 



The slant is inoculated with Actinoplane s 
Utahensi ? - NRRL 12052, and the inoculated slant i, 
incubated at 30 -c for about 3 to 10 days. About 1/2 
of the slant growth is used to inoculate 50 ml of a 
vegetative medium having the following composition: 
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Ingredient Amount 

Pre-cooked oatmeal 20,0 g 

Sucrose 20.0 g 

Yeast 2,5 g 

Distiller's Dried Grain* 5.0 g 

K 2 HP0 4 i.o g 

Czapek's mineral stock 5.0 ml 

Deionized water q.s. to 1 liter 

adjust to pH 7.4 with NaOH; after autoclaving, pH is 

about 6.8. 

* 

National Distillers Products Co. f 99 Park Ave., New 
York, N.Y. 

The inoculated vegetative medium is incubated 
in a 250-ml wide-mouth Erlenmeyer flask at 30 °C for 
about 72 hours on a shaker rotating through an arc two 
inches in diameter at 250 RPM. 

This incubated vegetative medium may be used 
directly to inoculate a second-stage vegetative medium. 
Alternatively and preferably, it can be stored for 
later use by maintaining the culture in the vapor phase 
of liquid nitrogen. The culture is prepared for such 
storage in multiple small vials as follows: In each 
vial is placed 2 ml of incubated vegetative medium and 
2 ml of a glycerol-lactose solution [see w. A. Dailey 
and C. E. Higgens, "Preservation and Storage of Micro- 
organisms in the Gas Phase of Liquid Nitrogen, Cryo- 
biol 10 , 364-367 (1973) for details] . The prepared 
suspensions are stored in the vapor phase of liquid 
nitrogen . 
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A stored suspension (i ml) thus prepared is 
used to inoculate 50 ml of a first-stage vegetative 
medium (having the composition earlier described) . The 
inoculated first-stage vegetative medium is incubated 
as above-described. 

In order to provide a larger volume of 
inoculum, 10 ml of the incubated first-stage vegetative 
medium is used to inoculate 400 ml of a second-stage 
vegetative medium having the same composition as the 
first-stage vegetative medium. The second-stage 
medium is incubated in a two-liter wide-mouth Erlen- 
meyer flask at 30°C for about 48 hours on a shaker 
rotating through an arc two inches in diameter at 250 
RPM. 



10 



15 Incubated second-stage vegetative medium 

(80 ml), prepared as above-described, is used to in- 
oculate 1C liters of sterile production medium selected 
from one of the following: 

MEDIUM I 

20 

Ingredient Amount (g/L) 

Peanut meal 10.0 
Soluble meat peptone 5.0 



30 



Sucrose 



20.0 



KK 2 P0 4 0.5 

K 2 HP0 4 1.2 
MgS0 4 .7H 2 0 0. 25 

Tap water q . s . to 1 liter 

The pH of the medium is about 6.9 after 
sterilization by au toe laving at 121°C for 45 minutes 
at about 16-18 psi. 
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MEDIUM II 

Amount (cr/L) 

30.0 
5.0 
1.0 
0.5 
0.5 
0.002 

Deionized water q.s. to 1 liter 

Adjust to pK 7.0 with KC1 ; after autoclaving, pK is 
about 7.0. 



Ingredient 

Sucrose 
Peptone 

K 2 HP0 4 
KC1 

MgS0 4 «7H 2 0 

FeSO. «7H-0 
4 2 



MEDIUM III 



15 



20 



25 



Ingredient 

Glucose 

NH.C1 
4 

2 4 
ZnCl 2 

MgCl 2 -6H 2 0 
FeCl 3 «6H 2 0 



MnCl. 
CuCl. 
CaCO. 



4K 2 Q 
2H 2 0 



KH 2 P0 4 * 
Tap water 



Amount (g/L) 

20.0 
3.0 
2.0 
0.019 
0.304 
0.062 
0.035 
0.005 
6.0 
0.67 

q.s. to 1 liter 



♦Sterilized separately and added aseptically 
Final pH about 6.6. 
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The inoculated production medium is allowed 
to ferment in a 14-liter fermentation vessel at a 
temperature of about 30°C for about 66 hours. The 
fermentation medium is stirred with conventional 
agitators at about 600 RPM and aerated with sterile air 
to maintain the dissolved oxygen level above 30% of air 
saturation at atmospheric pressure. 

B. Deacylation of A-21978C 

A fermentation of A. utahensis is carried out 
as described in Section A, using slant medium A and 
production medium I and incubating the production 
medium for about 67 hours. Crude A-21978C complex, 
prepared as described in U.S. Patent No. 4,208,403, 
(100 g) is added to the fermentation medium. 

Deacylation of the A-21978C complex is mon- 
itored by assay against Micrococcus luteus , The fer- 
mentation is allowed to continue until deacylation is 
complete as indicated by disappearance of activity vs. 
luteus , a period of about 24 hours. 

This same procedure was used to determine 
whether other microorganisms would produce the desired 
A-21978C nucleus. In particular, Actinoplanes 
missouriensis ^RRL 12053, Actinoplanes sp . NRRL 8122, 
Actinoplanes sp . NRRL 12065, and Strepto sporangium 
roseum var. hollandensis NRRL 12064, when used in place 
of Actinoplanes utahensis NRRL 12052 in the procedure 
above, were found to produce the desired nucleus. HPLC 
comparisons using authentic samples of the nucleus 
obtained from this procedure using A. utahensis as the 
deacylating enzyme confirmed that these other micro- 
organisms produced the A-21978C nucleus. 
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C. Isolation of A-21978C Nucleus 

Whole fermentation broth (20 liters) , ob- 
tained as described in Section B, was filtered with a 
5 filter aid (Hyflo Super-Cel, Johns Manville Corp.). 
The mycelial cake was discarded. The filtrate thus 
obtained was passed through a column containing 1.5 
liters of KP-20 resin (DIAION High Porous Polymer , 
HP-Series, Mitsubishi Chemical Industries Limited, 
1Q Tokyo, Japan). The effluent thus obtained was dis- 
carded. The column was then washed with deicnized 
water (10 L.) to remove residual filtered broth. This 
wash water was discarded. The column was then eluted 
with water : acetonitrile mixtures (10 L. each of 95:5, 
15 9:1, and 4:1), collecting 1-liter fractions. 

Elution was monitored by analytical EPLC, 
using silica gel/C 18 and a solvent system of water :- 
methanol (3:1) containing 0.1% ammonium acetate, detect- 
ing the nucleus with a UV monitor at 254 nm. Elution 
2q can be monitored also by paper chromatography, using 
an n-butane: pyridine: acetic acid: water (15:10:3:12) 
solvent system and detecting the compounds by UV 
fluorescence. In this system, the A-21978C factors 
have an R f value of about 0.56 and A-21978C nucleus 
2 ^ has an of about 0.32. Fractions containing the 
nucleus were combined, concentrated under vacuum to 
remove the acetonitrile and freeze-dried to give 40.6 g 
of semi-purified A-21978C nucleus. 
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D- Purification of A-2197 8C Nucleus 

Semi-purified A-21978C nucleus (15 g) , ob- 
tained as described in Section C, was dissolved in 
75 ml of water: methanol :acetonitrile (82:10:8) con- 
taining 0.2% acetic acid and 0.8% pyridine. This 
solution was pumped onto a 4.7- x 192-cm column con- 
taining 3.33 L. of silica gel (Quantum LP-l)/C l8 . The 
column was developed with the same solvent system. 
Fractions having a volume of 3 50 ml were collected. 
Separation was monitored at 280 nm with a r JV monitor. 
Fractions containing the nucleus were combined, con- 
centrated under vacuum to remove solvents and freeze- 
dried to give 5.2 g of purified A-21978C nucleus. 

15 EXAMPLE 2 

Alternate Preparation of A-21978C Nucleus 

A-21978C nucleus was prepared according to 
the method of Example 1 except for certain changes in 
Section B. The A. utahensis culture was incubated 
initially for about 48 hours; the substrate was semi- 
purified A-21978C complex (50 g) , and incubation after 
addition of the substrate was about 16 hours. The 
broth filtrate was passed over a column containing 3.1 
liters of HP-20 resin. The column was washed with 10 
volumes of water and then was eluted with water :aceto- 
nitrile (95:5). Elution was monitored as in Example 1. 
After collecting 24 liters, the eluting solvent was 
changed to water : acetonitrile (9:1). Fractions con- 
30 taining the nucleus were eluted with this solvent. 



20 



25 



3NSDOCID: <EP 0095295A1 



0095295 



X-5279M -61- 



These fractions were combined/ concentrated under 
vacuum to remove acetonitrile , and freeze-dried to 
give 24.3 g of semi-purified A-21978C nucleus. 

This semi-purified A-21978C nucleus (24.3 g) 

5 was dissolved in water (400 ml) . The solution was 
pumped onto a 4.7- x 192-cm steel column containing 
3.33 liters of silica gel (Quantum LP-1)/C^ 8 prepared 
in water rmethanol racetonitrile (8:1:1) containing 0,2% 
acetic acid and 0.8% pyridine. The column was devel- 

10 oped with the same solvent at a pressure of about 

2000 psi, collecting 350 ml fractions. Eluticn was 
monitored by UV at 280 nm. Fractions containing the 
nucleus were combined, concentrated under vacuum to 
remove solvents, and freeze-dried to give 14 g of 

15 highly purified A-21978C nucleus. 

EXAMPLE 3 

Preparation of N Qrn -t-B0C A-21978C Factors C* 2 and C 0 



20 



A mixture of A-21978C factors C 2 and 



(10 g) , prepared as described in U.S. Patent No. 
4,203,403, was dissolved in water (50 ml) with soni- 
cation (20 0 mg/ml) . The pH of the solution was adjusted 
from 4.05 to 9.5 with 5N MaOH (3.6 ml). Di-tert-butyl 
dicarbonate (3.0 ml) was added, and the reaction mixture 
25 was stirred at room temperature for 2 hours. The pH of 
the reaction was maintained at 9.5 by manual addition 
of 5N NaOH (6.5 ml added in 2 hours). 

The reaction was monitored periodically by 
TLC on silica gel, using CH 3 CN:H 2 0 (7:3 and 8:2) sol- 
vent systems and detecting by UV. 
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10 



After about 10 minutes the reaction solution 
became rapidly turbid , and base consumption increased. 
After 30 minutes, the rate of increase in turbidity and 
the rate of base consumption decreased, indicating that 
the reaction was complete. Nevertheless, the reaction 
was continued for an additional 90 minutes to insure 
completion. At the end of the two-hour reaction, the 
reaction material was lyophilized immediately to give 
12.7 g of H 0 -t-BOC-A-2197 8 factors C 2 and C 3 - 

Using similar procedures, two 10-g reactions 
and a 30-g reaction were run. In each of these the 
reaction time was only 40 minutes. The two 10-g 
experiments gave 11.9 and 12.1 g of product, respec- 
tively. The 30-g reaction gave 35.4 g of product. 
15 EXAMPLE 4 

Preparation of A-21978C N nrn -t-B0C Nucleus 

A. Fermentation of A. utahensis 

A fermentation of A. utahensis was carried 
20 out as described in Example 1, Section A, using slant 
medium A and production medium I and incubating the 
production medium for about 66 hours. 

B. De acylation of N 0rn --- soc Con ? lex 
25 The A-21978C N 0rn -t-B0C complex (1185 g of 

crude substrate which contained about 176 g of A-21978C 
complex) was added to the fermentation medium. De- 
acylation was carried out as described in Example 1, 
section B. Deacylation was complete, as indicated by 
30 HPLC, after about 24 hours. 
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C. Isolation of A-21978C N 0rn -t-B0C Nucleus 

Fermentation broth (100 L.), obtained as 
described in Section B, was filtered with a filter aid 
(Hyf lo Super-cel) . The filtrate was passed over a 
5 column containing 7.5 L. of HP-20 resin (DIAION) ; the 
column was washed with water (38 L.). Elution was 
monitored by silica gel/C 13 HPLC with UV detection at 
254 nm. Some nucleus was eluted in the wash. Sub- 
sequent elution of nucleus was carried out with water: 
10 acetonitrile mixtures as follows: (95:5)-40 L. ; 

(9:1) -40 L. ; and (85:15) -100 L. Fractions containing 
the nucleus were combined, concentrated under vacuum to 
remove solvent, and freeze-dried to give 298.5 g of 
semi-purified A-21978C N 0rn -t-B0C nucleus. 

15 D. Purification of A-21978C N Qrn -t-BOC Nucleus 

Semi-purified A-21978C N Qrn -t-B0C nucleus 
(30 g) , obtained as described in Section C, was dis- 
solved in water : acetonitrile (9:1) containing 0.2% 
acetic acid and 0.8% pyridine (75 ml). This solution 
was applied to a 4.7 x 192-cm steel column containing 
3.33 L. of silica gel (Quantum LP-1)/C 18 equilibrated 
in the same solvent system. The column was developed 
under pressure with water : acetonitrile methanol 
(30:15:5) containing 0.2% acetic acid and 0.8% pyridine, 
collecting 350-ml fractions and detecting product by UV 
at 23 0 nm. Fractions containing the product were com- 
bined, concentrated under vacuum to remove solvent and 
freeze-dried to give 18.4 g of purified A-21978C N Qrn " 
2q t-3CC nucleus. 
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EXAMPLE 5 

Alternative Purification of A-21978C N QT . n -t-B0C Nucleu s 

Semi-purified A-21978C N^-t-BOC nucleus 
(10.8 g), obtained as described in Example 4, Section C 
was dissolved in water and applied to a column contain-' 
mg 80 ml of Amberlite IRA-68 (acetate cycle) . The 
column was washed with water and, at a flow rate of 
5 ml/min, was eluted sequentially with 0.05 N ace-ic 
acid (1080 ml), 0.1 N acetic acid (840 ml), and 0.2 N 
acetic acid (3120 ml), collecting 120-ml fractions. 
The column was monitored wich analytical HFLC over 
silica gel/C l8 , using a system of water :acetonitrile • 
methanol (80:15:5) containing 0.2% ammonium acetate and 
detecting product with UV at 254 nm. Fractions contain- 
ing the product were combined; the pH o£ the solution 
was adjusted to 5. 8. with pyridine; the resulting solu- 
tion was concentrated under vacuum to a volume of about 
200 ml. water was added to the concentrate, and the 
resulting solution was reconcentrated to remove oyridine 
This concentrate was freeze-dried to give 3.46 g of 
purified A-21978C * Orn -t-B0C nucleus. 

EXAMPLES 6-21 

The preparation of various alkanoyl and 
alkenoyl derivatives by acylation of the A-21978C 
nucleus or blocked derivatives thereof, representative 
of the preparation of the conpounds of formula 1 is 
shown in Table I, below. The derivatives in Table I 
are made either by the modified Schotten-Bauman reaction 
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using an acid chloride as the acylating agent (Method 
A) or by the active ester method using the 2,4,5-tri- 
chlorophenyl ester as the acylating agent (Method B) . 
The general procedures for carrying out the acylation 
reactions by Method A or Method B are set forth below: 

Method A (Modified Schotten-Bauman Reaction) 

This method involves reaction of a A-21978C 
nucleus with the alkanoic or alkenoic acid chloride 
that corresponds to the desired acyl side chain. 

An A-2197 8C nucleus or blocked derivative 
thereof (1.95-2.16 g, 1,33-1.47 mmoles) or an A-2197SC 
factor (409 mg f 0.25 mmole) is dissolved in 200 ml of 
pyridine/H 2 0 (9:1). The acylating agent (13-20 mmoles 
excess acyl chloride dissolved in 15 ml acetone) is 
added dropwise over 1-3 hours, and the reaction is 
stirred at ambient temperature for an additional 2-3 
hours. The reaction mixture is concentrated to remove 
the acetone. The aqueous phase which remains is diluted 
to a volume of about 200 ml with water. The pH of this 
solution is adjusted to pH 3.0 to 3.5 with glacial 
acetic acid. This solution is washed 8 times with 
equal volumes of diethyl ether and then is lyophilized. 

The crude acylated derivative is purified by 
reversed-phase HPLC as follows: The sample, dissolved 
in water or the eluant system (about 4-6.5 ml), is 
injected cnto a 33- x 5/3-inch stainless-steel column, 
packed with L? ^/ C i3 support. The column is eluted with 
a solvent system consisting of H 0 0 :MeOH:CK^CN: pyridine : - 
HOAC. Eiution is performed at a pressure of about 
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10 



15 



20 



1500-2000 psi with . flOK rate of ^ 

using an LDC duplex pump (Miiton-Roy, . EffluentTs 

at 280 „m. The deslred £ractlons are oomJjlned 
evaporated to dryness in vacuo to yiela the 
alKanoyl derivative. The purified product is analysed 
u n US1 " 9 «—ed- P hase plates (Whatman KG,,, and . 
H 2 0: M eo H .:CH 3 c :i = Pyridine ! HOA= (45 :!5 =40: 2 :2, solvent 
system. The plates are observed under uv lioht to 

tv <ext.not.on coefficients at 220 „ and 260 nm, and' 
by amino acid analysis. Purity is determined by 
analytical r.versed-phase HPLC <c lg «icrobondaoa*. 
Waters Co., with a H 2 O: M e0H:CH 3 c^pvridine:H0Ac solvent 
system, monitoring eluent with ov at 280 nm. 

«2ihod_B (2,4,5-Trichlorophenyl Active Ester Method, 
A solution of Vn-t-BOC A-21978C nucleus 
(1.0 g. 0.64 mmol,. A-21978C nucleus (0.S-L0 g . 0.34- 
0.68 mnole, or A-21978C, ,546 mg, 0.58 mmoie, and a 3 5 
molar excess of trichlorophenyl-acyl active ester ar,' 
absolved in DMT (100 ml, and stirred at from about ' 
room temperature to about 50-c. for from about 6 to 
a out 20 hours. The reaction mixture is concentred 
to an o 1 ^ vacuo. Ih . oil is triturated with 50 ml 
- 2 0:co!ue„e (1=1, and washed with Et,o. The mono- 
-cylated and di-acylated A-21978C nucleus derivative 
acylated A-219,3^. and acylated t-3CC A-2197SC nucleus 
are purified as described in Method A 
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The acylated t-BOC-A-21978C nucleus is de- 
blocked using 50 mg/ml of trif luoroacetic acid:anisole: 
triethylsilane (10:1:1) at from about -10° to about 
-0°C. for 3-5 minutes. This reaction mixture is con- 

5 centrated in vacuo to an oil that is triturated with 
two 20 -ml volumes of EtjO. The crude acyl product is 
purified by reversed-phase HPLC and analyzed as de- 
scribed in Method A. 

The specific compounds in the examples sum- 

10 marized in Tables 1 through 23 which follow are com- 
pounds of formula l_z 

0 NR 3 R 1 • * 
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EXAMPLE 32 

N Trp" ( -" Decan °y 1) A-21 978C Nucleus (Compound 4) 
The following procedure illustrates the 
large-scale preparation of compounds by the active- 
ester method. 

A - Preparation of 2 , 4 , 5-Trich lorophenyl n-decanoate 

A solution of decanoyl chloride (Pfaltz and 
Bauer, 5.6 ml) and 2 , 4 ,5-trichlorophenol (5.6 g) in 
diethyl ether (1 L) and pyridine (120 ml) is stirred 
for 4 hours. The reaction mixture is filtered and 
dried in vacuo. The 2 , 4 , 5-trichlorophenyl n-decanoate 
is purified on a silica-gel column (Woelm) , using 
toluene as the eluent. Fractions are monitored by TLC, 
15 usir.g short-wave UV for detection. Appropriate frac- 
tions are pooled and dried in vacuo to give 10.4 g of 
2,4, 5-trichlorophenyl n-decanoate . 

3 - Acylation of K 0r ,-t-BCC-A-2 1978C Nucleus with 

20 2,4,5-Trichlorophenyl n-decar.oate 

A solution of K Grn -t-E0C A-21978C nucleus 
(15. C g; and 2 , 4 , 5-trichlorophenyl n-decanoate (15.0 g) 
in dry DMF (500 ml) is stirred under N 2 at ambient 
temperature for 25 hours. The mixture is then stirred 

25 at 60°C. for 5 hours or until TLC shows reaction com- 
pletion. The reaction mixture is concentrated in vacuo 
to about 200 ml and is stirred with 1.2 liters of 
Et 2 C/tciuene (5:1). The product is separated by filtra- 
tion, washed with Et 2 0, and dried under vacuum to give 

3i 15.05 c of the N Trp - fn-decanoyl) -N 0rn -c-BOC A-21978C 
nucleus intermediate (formula 1; P.=n-decanoyl , R 1 ^, 
R 2 =t-B0C) . 
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C. Purification of N Tr p- (n-Decanoyl) ""Norn""**" 50 ^" 

A-21978C Nucleus 

The N Trp - (n-decanoyl) -N Qrn -t-BOC--A-21978C 
nucleus intermediate is purified in the following 
manner: The crude preparation is dissolved in about 50 
ml of the eluting solvent system, and then purified by 
HPLC, using the Waters Prep/500 system containing a 
cartridge packed with reversed-phase C ig silica-gel 
adsorbent. The system is eluted witii K 2 0:MeOH:CK 3 CN 
(50:15:35) containing 0.2% pyridine and 0.2;. HOAc. 
Fractions are monitored by UV at 230 nm. Appropriate 
fractions are combined and dried in vacuo to give 
8.56 g of purified N Trp - (n-decanoyl) -N 0r . n -t-BOC-A- 2137 3C 
nucleus, 

D. Removal of the K Q -t-BOC' Group 

The t-HOC group is removed by stirring M^ rr) - 
(n-decanoyl)-N 0rn -t-BOC A-21978C nucleus (1.47 g; in 
15 ml of trif luoroacetic acid/1 , 2-ethanedithiol (10:1; 
at ambient temperature for 3 minutes. The reaction 
mixture is dried in vacuo , and the residue is tri- 
turated with Et 2 0 (50 ml) . After a 20-ml Et^O wash, 
the triturate is dried in vacuo to give 2. 59 g of crude 

n - (n-decancvl) -A-21973C nucleus (formula 1: F~n- 
25 Trp - 1 2 - — 

decanoyl; R and R =H) . 

E. Purification of N T - (n-Decanoyl) -A-21978C Nucleus 



15 
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30 



The crude N m - (n-decanoyl) --A-21973C nucleus 
Trp 

is purified by reversed-phase HPLC in the following 
manner: The sample (2.59 g) , dissolved in 4.0 ml of 
H 2 0:MeOH :CH 3 CN: pyridine :K0Ac (50:15:35:2:2) , is injected 
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onto a 3 3- x 1-inch stainless-stael column pacJced with 
LP-1/C, 8 adsorbent. The column is eluted with th<s 
same solvent system. Elution is performed at a pres- 

° f 12 °°- 1700 PSi wit * * 'low rate of 10 -12 ml/min, 
using an LDC duplex pump (Milton-Roy) . The effluent is 
monitored by a UV detector (Isco Model UA-5, Instrument 
Specialist Co., 4700 Superior Avenue, Lincoln, NB 
68504) at 280 nm. Fractions (20-24 ml) are collected 
every two minutes. The desired fractions, as indicated 
by antimicrobial activity, are combined and dried in 
vacuo to give 1.05 g of product. — 

This purification procedure was repeated with 
4.35 g, 4.25 g, 2.14 g, 2.00 g and 1.75 q crude start- 
ing derivative to give a total of 5.58 g of purified 
N Trp" (n-fiecanoyl) -A-2197SC nucleus. 



EXAMPLE 33 



W ta-Decanoyl) -N Kvn - (n-decanoyl ) -A-219 78C 

(Compound 21) ~ " ' 



N Trp" (n-Decanoyl) -N R -(n-decanoyl) -A-21978C 
nucleus (formula 1: R and R X = n-decanoyl; R 2 = H ) is a 
minor reaction producr in the preparation of the n - 
(n-decanoyl) derivative of Example 27. it is isolaSd 

25 during the reversed-phase HPLC purification described 

in Section E. Desired fractions are combined and dried 
- t0 giVe 211 ^ of crud. product. The compound 

is purified by analytical HPLC (C 18 Microbondapaie , 
Waters Co.), using H 2 0:MeOK: O^CNrNHjOHrHOAc 

30 (6:23:15:0.5:0.5) as the eluent system (32 repetitions 
500 ;_g each injected sample) to give 4.4 mg of N - (n - 
decanoyl)- NKyn - ( n_ decanoyl) . A _ 2:L978c nucleuSf ld 2?ifled 
by 360 MHz proton NMR. 
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EX AMPLE 34 
N Trp -Cbz-N 0rn -Lauroyl A-21378C Nucleus 
(Compound 20 ) 

This method involves protecting the trypto- 
phan a-NH 2 of N 0rn -t-BOC-A-21978C nucleus with a Chz 
group, then removing the t-BOC group and acylating (at 
the ornithine a-NH 2 ) with the trichlorophenyl-lauroyi 
ester . 

A. Preparation of a Trp -Cbz-N 0rn -t-BOC-A-21978C Nucleus 

N 0rn -t-BOC-A-21978C nucleus (1.0 g) is dis- 
solved in DMF (150 ml) and warmed to 60°C. N,Obijs~ 
trimethylsilylacetamide (0.55 ml) is added, and then 
benzyl pentachlorophenyl carbonate (257 mg) is added. 
After being stirred for 20 hours, the reaction mixture 
is concentrated to a volume of about 20-25 ml. Water 
(100 ml) is added, and the pH of this solution is 
adjusted to 6.0 with IN KaOK. The mixture is washed 
with Et 2 0 (6 times, 200-nil volumes) and then lyophiiized 

The crude derivative is purified by reversed- 
phase HPLC as follows: The sample, dissolved in about 
6 ml of H 2 0 :MeOH:CK 3 CN: pyridine :K0Ac (55:15:30:2:2), is 
injected onto a 33- x 1/2-inch stainless-staei column 
packed with L?-1/C^ g support. The desired fractions 
are located by UV absorption (28 0 nm) and antimicrobial 
activity. These fractions are then combined and lyo- 
phiiized to give 951 mg of the N_ , -Cbz-N n -t-BOC 

irp urn 

A-2197 8C nucleus derivative. 
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B. Removal of t-BOC Group 

The t-BOC group is removed by dissolving the 
intermediate at 50 mg/ml in trif luoroacetic acid:- 
anisole:triethylsilane (10:1:1) at -10«C. for 3 minutes, 
The reaction is concentrated to an oil that is tritu- 
rated with two 25-ml volumes of Et 2 0 to give 520 mg of 
crude N Trp -Cbz-A-21978C nucleus. 

C. Acylation of N Trp -Cbz-A-21978C Nucleus 

- «~7 

The N Trp -Cbz-A-21978C nucleus is acylated by 

the trichlorophenyl active-ester acylation method. 

N Trp -Cbz-A-21978C (520 mg) is added to a solution of 

1-hydroxybenzotriazole (7 mg) and lauroyltrichloro- 

phenol active ester (123 mg) in pyridine (150 ml) . 

After being stirred for 20 hours at 60°C, the reaction 

mixture is concentrated to a residue that is triturated 

with Et 7 0 (3 times. 25-ml volumes) to qiyp n -Cbz- 

Trp 

N 0rn -l£-uroyl-A-21978C nucleus (550 mg) . 

EXAMPLE 35 

Preparation of Schiff's Bases and Reduced Schiff's 
Bases 

Several reactions were carried out as follows: 
A-21978C nucleus (40 mg) was dissolved in water (2 ml). 
The pH of the solution was adjusted from 4 to 9 with IN 
NaOH. Aliquots (0.5 ml) of this solution were then 
mixed with each of the following aldehydes (5 yi) : 

1) hept aldehyde 

2) octyl aldehyde 

3) decyl aldehyde 

4) undecyl aldehyde 
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in methanol (4 ml) . The reactions were stirred over- 
night at room temperature. The Schiff's bases which 
formed were reduced with NaBH^CN (2.5 mg per reaction) 
for 5 minutes at room temperature. 

The reactions were examined by silica-gel 
TLC, using a CH 3 CN:H 2 0 (7:3) solvent system, and by 
assay against Staphylococcus aureus . The Schiff's 
bases were not active against S. aureu s in this test, 
perhaps due to their instability under the assay condi- 
tions. In each reduced reaction two factors were 
produced. These compounds were active against S. 
aureus and had a similar mobility in the TLC system, 
giving evidence that the following compounds of the 
formula 1 were produced (in each case R 1 is hydrogen) : 
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EXAMPLE 36 

P reparation of « Trp -Lauraldehyde Schiff's Base 
and N Trp , N Qrn -Di-Lauraldehyde Schif f s Base 
and ***** Educed Schiff's Bases (Compounds 
22 and 22) 

A-21978C nucleus (1 g) was dissolved in water 
(-^0 ml); a solution of dodecyl aldehyde (500 ul) in 
methanol (200 ml) was added. The reaction mixture was 
10 stir-ed overnight at room temperature. The reaction 
then was reduced for 50 minutes by the addition of 
HaBH^CN (291 mg) . The reaction mixture was filtered 
under vacuum, using Whatman No. 1 paper to remove 
particulates. The supernatant was concentrated to an 
13 aqueous solution which was lyophilized to give 1.256 g 
of product. This product was evaluated by analytical 
HPLC and purified by preparative reverse-phase HPLC in 
portions. Each portion (350 mg) was dissolved in 50^. 
aqueous methanol (6 ml) , sonicating and heating to 
20 dissolve the material. The solution then was passed 
over a 1.5- x 80-cm LP^C^ column, eluting with 
CH,OH:CH^CN:H 2 0 (25:40:35) containing 0.2% pyridine and 
0 2% acetic acid at a flow rate of about 7.5 ml/tain. 
Elution was monitored by UV at 280 nm. Fractions 
25 containing the desired products were combined to give a 
total of 104 mg of N^ p - (n-dodecyl) -A-21978C nucleus 
(Compound 22) and 19.2 mg of K Trp - (n-dodecyl) -N Qrn - <n- 
dodecyl)-A-21978C nucleus (Compound 23). 

30 
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EXAMPLE 37 

The antibacterial activity of the compounds 
of formula 1_ can be demonstrated in vitro . The results 
of the antibacterial testing of representative com- 
pounds of formula 1 using standard agar-plate disc-dif- 
fusion tests are set forth in Table 7. In Table 7 
activity is measured by the size (diameter in mm) of 
the observed zone in which growth of the microorganism 
is inhibited by the test compound. 
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The results of antibacterial testing of 
representative compounds of formula 1 by standard 
agar-dilution tests are summarized in Table 8. In 
Table 8 activity is measured by the minimal inhibitory 
concentration (MIC), i.e. the lowest concentration of 
compound at which growth of the microorganism is 
inhibited by the test compound. 
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The A-21978C cyclic peptides of formula 1^ 
have shown in vivo antimicrobial activity against 
experimental bacterial infections . When two doses of 
test compound were administered subcutaneous ly or 

5 orally to mice in illustrative infections, the activity 
observed was measured as an ED 50 value [effective dose 
in mg/kg to protect fifty percent of the test animals: 
See Warren Wick, et al., J, Bacteriol . 81 f 233-235 
(1961)]. The ED 50 values observed for representative 

10 A-21978C compounds of formula 1 are given in Table 9. 
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The results of toxicity tests on some A-21978C 
cyclic peptides of formula 1 are summarized in Table 10. 



5 



10 



IS 



20 



25 



30 



BNSDOCID: <f=P 0095295 A 1 I > 



0095295 



X-5279M 



-91- 



10 



15 



20 



25 



30 



Q> 

*H 
-U 

a 
a 

u 

•H 
iH 
U 
>. 
U 

a 

r- 
a\ 
»— ) 

CN 
I 

< 



U 
•H 

5 



\ o 

CP -H 

c 

m 

Q 



OS 



o o o o 
o o o o 

vo vo vo m 

AAA/. 



O 

o 
vo 

A 



in 
« 

CM 



O 

in 



vo 



in 

(N 



VO 

tn 



c 
m 



o 
o 

in 

a| 



o o 
o o 



o 
o 

VO 
A 



o o 
in o 
vo 

A 



O 
O 

A 



05 



t3 
C 

o 

£ 
0 

o 



3 

6 

o 



flfl 



c 

3 • 

O C 

e 
o 
u 



! 

O 1 i 

o o o 

I cn U O 

O ^-s o o> 

;j cm ^ 

m S (N <N 

S CJ S 2= 

u w u o 

c — * 

U mm 
OSS 

s u u 



I I I I I 

o o o o o 

a u a u a 

m vo oo c 



l 

O 



1 

o 



o 



1 

o 



u u u o 

OH 



I 

o 
u 



cn m rr S 

h M r-H u 



I 

O 

'O S 

oo O 
— II 
CMS 



I 

O I I 

u o o 

vO VO 

cm <n 



u s s 



s s o 
CJ u u 

(NO 5 ""<N 

~ cm cm s 



I 

o 



I 



CNCN(N(N<NCN<NrNCN<Nl 

mmmmmmmmmcocNcorocncn 
SSSSSSSSSSSSSSS 

aocjuauaoauuaouo 



CM CN 

s s 

s s 

o u 



i-HCMm^mvop^ooo^OiH 



-^r m vo cm 

r-l tH t-H r-l CM 



LTfc 



c 

0) 
E 

c 
o 



tn 
a 
O 
c 



4J 



QJ 
U 



BNSDuCID' <EP 0095295A1J_> 



X-5279xM 



-92- 



0095295 



Preparations 1- 9 

The preparation of a number of useful N- 
aixanoyiamino acids is described in U.S. Patent 

5 I I SUCh C ° mPOUndS «• P"Pared according to 

the following general procedure: 

add*H * aPPr ° Priate »^aaoic acid chloride is 

added dropw.se to the appropriate amino acid (1:1 mole 
rat lo) dissolved in Pyrid ine. The amount of oyrldL 
10 used should be sufficient to make the concentration" of 
reactants between 0.1 to 0.2*. The solution is s^ed 
at room te mpera ture for about 3 to 6 hours, after ^Lh 
e 1S ™ " to * ^ volume of water. The prod ^ 
Frecxpxtates from solution and is collected by 
15 tration and crystallized from methanol. 

Other N-alkanoylaaiao acids prepared by this 
procedure are summarized in Table 11. 
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Preparations 10-19 

The 2,4 ,5-trichlorophenyl esters of various 
N-alkanoylamino acids are described in U.S. Patent 
4,293,483. Such compounds are prepared according to 
5 the following general procedure: 

The N-alkanoylamino acid (1 mole) , 2,4,5- 
trichlorophenol (1.1 mole), and DCC (1 mole) are dis- 
solved in dichloromethane, diethyl ether or THF. The 
solution is stirred at room temperature for about 16 to 
10 about 20 hours after which it is filtered. The fil- 
trate is taken to dryness, and the product is crystal- 
lized from either acetonitrile-water or diethyl ether- 
petroleum ether. 

The preparation of other 2 , 4 , 5-trichloro- 
15 phenyl esters of N-alkanoylamino acids prepared by this 
method is summarized in Table 12. 
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EXAMPLES 38-70 

The N-alkanoylamino acid derivatives of 
A-21978C of formula 1^ are prepared according to the 
following general procedure which involves acylating 
the nucleus using the activated-ester method: 

A solution of N 0rn -t-BOC-blccked-A-21978C 
nucleus (t-BOC nucleus) in DMF was treated with the 
2,4,5-trichlorophenyl ester ("active ester") of the 
corresponding N-alkanoylamino acid. The reaction 
mixture was stirred at room temperature for about 18 to 
about 24 hours under an atmosphere of nitrogen and then 
was evaporated to dryness under reduced pressure to 
give a residue. A small amount of methanol was added 
to the residue; a solid (N,N ' -dicyclohexylurea) which 
did not dissolve in the methanol was removed by fil- 
tration and discarded. The filtrate was evaporated 

under vacuum to give a solid, the crude -t-BOC- 

Orn 

N Trp" acyl " A " 21978C anal °g- This analog was purified 
using a "Prep LC/System 500" unit (Waters Associates, 
Inc. r Milford, MA) equipped with a Prep Pak-500/C 1Q 
column (Waters Associates Inc.) as a stationary phase. 
The column was eluted isocratically , using a water: 
methanol : acetonitrile (2:1:2) solvent system containing 
0.1% pyridinium acetate, and eluting one 250-ml frac- 
tion per minute for approximately 40 fractions. Amounts 
of sample applied varied from about 1 g to about 5 g. 
Early fractions containing unreacted starting materials 
were discarded* The desired product was always the 
major peak (using a UV detector) following the early 



0095295 
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fractions. Individual fractions were pooled on the 
basis of TLC [re versed-phase silica gel (C lg ) , a water : - 
methanol : ace tonitrile (3:3:4) solvent system, and 
Von Urk spray for detection] and bioautographic analy- 
5 sis [silica-gel TLC plates (Merck) , an acetonitrile : 
acetone: water (2:2:1) solvent system and Micrococcus 
luteus as the assay organism] . 

The N 0rn -t-BOC-N Trp -acyl-A-21978C analog, 
obtained as a single component by this method, was 
10 lyophilized and treated with anhydrous trif luoroacetic- 
acid (10 ml per 0.3-0.5 g of analog) containing 2% 
anisole at 0°C. After about five minutes the reaction 
mixture was evaporated to dryness under reduced pres- 
sure. The residue obtained was triturated with a small 
15 amount of ether. The solid precipitate was collected 
and air-dried. This material was dissolved in water; 
the pH of the solution was raised to about 6 to 7 by 
the addition of pyridine; and the solution was then 
lyophilized. The resulting product was obtained as a 
20 single component and was characterized by its chromato- 
graphic properties and its amino-acid analysis. 

Table 13 summarizes a group of N Trp -alkanoyi- 
aminoacyl A-2197SC derivatives prepared by this pro- 
cedure . 
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Other N-alkanoylamino acid derivatives of 
formula 1 prepared in a similar manner are summarized 
in Table 14 . 
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Table 15 summarizes a group of A-21978C 
derivatives prepared according to the general 
procedure, but using A-21978C factors as starting 
materials . 
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Other N Tr p~ N orn*" diacyl derivatives of A-21978C 
prepared according to the general procedure are listed 
in Table 16. 

TABLE 16 

Diacyl Derivatives of A-2197SC 

Example 2 

No. R in Formula 1 R in Formula 1 



10 



20 



63 CHa(Chr)-ic;CCriK CHa ( C:Hr ) 1 sCONijl 



• t 



15 69 CHa(CHa)icCONHCHC0- t-SOC 

m 

w 

H 

7 0 CH 2 (CHs> ) i oC0NHCH(CH2C6Hs)C0- t-30C 
R , R ^ R z R = H 

EXAMPLE 71 

2 5 Preparation of N Trp - [N- (n-Decanoyl) -L-phe nylalanyl ] - 

A-21978C Nucleus (Compound of Example 56) 

This example illustrates the large-scale 
preparation of compounds by the active-ester method, 

30 
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10 



A - p ^Paration of N- (n-Decanoyl) -L-Pheny lalanyl- 
2,4, 5-Trichlorophenolate 

A solution of N-(n-decanoyl)-L-phenylalanine 
(31.9 g, 0.1 mole) and 2,4,5-trichlorophenol (19.7 g 
0.1 mole) in 1 liter of anhydrous ether was treated ' 
wxth N,N'-dicyclohexylcarbodiimide (20.6 g, o.l mole) 
The reaction was stirred overnight at room temperate 
The precipitated N,N'-dicyclohexylurea was removed bv" 
filtration and discarded. The filtrate was concen- " 
trated under vacuum to dryness. The residue obtained 
was triturated with ether, and the solids (residual 
cyclohexylurea) were removed by filtration. T-he fil- 
trate was evaporated to dryness under reduced pressure 
15 The residue was crystallized from acetonitrile to give 
36.9 g of crystalline N- (n-decanoyl) -L-phenylalanyl 
2,4,5-trxchlorcphenolate, m.p. 122-124°C. 

B ' ?re ^ ati °" of N Trp -[N-(n-Dec a noyl)-L-phenylalanyl ]- 

N Orn~ t ~ BOC - A - 219 7 8C Nucleus ' " 

20 ____ 

A solution of N- (n-decanoyl) -L-phenylalanyl 
2,4,5-tnchlorophenolate (10 g, 0.02 mole), * - t -BOC- 
A-21978C nucleus (10 g, 0.006 mole) in anhydrous* DMF 
(1 i.) was stirred at room temperature for 96 hou-s 

25 under an atmosphere of nitrogen. The solvent was 

removed by evaporation under reduced pressure. The 
residual material was stirred with a mixture of diethyl 
ether (800 ml) and chloroform (200 ml) for 2 hours 
The product was separated by filtration to give a liaht 

30 brown powder (10. 3 g) . This material (9.9 a) was " 
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dissolved in methanol (200 ml) and purified by prepara- 
tive HPLC, using a "Prep LC/System 500" unit and a 
Pre P Pak-500/C 18 Column as the stationary phase. The 
column was eluted isocratically , using a water methanol: 
acetonitrile (2:1:2) solvent system and collecting 
250-ml fractions at a rate of one fraction per minute. 
The desired compound was eluted in the 9th through the 
22nd fractions. 

Fractions were combined on the basis of TLC 
[reversed phase silica gel/C lg ; developed with water :- 
methanol: acetonitrile (3:3:4); detected with Van Urk 
spray] . Combined fractions were examined by bi.caut.oc- 
raphy [silica gel TLC acetonitrile: acetone: water (2:2:1) 
solvent system and Micrococcus luteus as the detecting 
15 organism] and were shown to consist of a single bio- 
active component. This procedure gave 6.02 g of 
N Trp~ tN ~ (n-decanoyl) -L-phenylalanyl] -N Qrn - t-BOC-A- 21973c 



10 



20 



nucleus [compound of formula 1: R = n- (n-decancyl- 
L-phenylalanyl) ; R 2 = t-BOC] . 

c * Preparation of K Trp - [N- (n-Decanoyl) -L-pheny 1 - 
alanyl]-A-21978C Nucleus 

A flask (100 ml) was cooled to 5°C. in an 
icebath. N Trp - [N- (n-decanoyl) -L-phenylalanyl] -N Q - 

25 t-BOC-A-21978C nucleus (.6.02 g, 0.008 mole), prepared 

as described in Section B, and then anhydrous trifluoro- 
acetic acid containing 2% anisole (50 ml) were added to 
the flask. The mixture, which went into solution in 
approximately two minutes, was stirred under an atmos- 

30 phere of nitrogen for ten minutes. The solution was 
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evaporated to dryness under reduced pressure at below 
40°C. to give a gummy solid which was triturated twice 
with a diethyl ether :dichloromethane (4:1) solution 
(two 100-ml volumes) . The solids were collected by 

5 filtration and washed with diethyl ether to give the 

TFA salt. This was dissolved in water (50 ml) , and the 
pH of the solution was adjusted to 5*4 with pyridine. 
The solution was then lyophilized to give 6.1 g of off- 
white lyophilizate . 

10 The lyophilizate , dissolved in methanol 

(35 ml) / was purified using a reverse-phase C-^ silica- 
gel column (Waters Associates, Prep 500), eluting in 
stepwise gradient with K 2 0:CH 3 OH :CH 3 CN containing 0.1% 
pyridinium acetate at ratios of 3:1:2, 2:1:2 and 1:2:2 

15 and collecting fractions having a volume of 250 ml. 
The desired product was eluted during the 2:1:2 elu- 
tion. The fractions containing the product were lyo- 
philized to give 2.23 g of cream-colored N Trp - [N- (n- 
decanoyl) -L-phenylalanyl] -A-21978C nucleus (compound of 

2 0 formula 1: R = N- (n-decanoyl) -L-phenylalanyl; R 1 " 5 ^ H) * 
The product was evaluated by analytical HPLC 
[reversed-phase C 1Q silica-gel column, MeOK:CH 3 CN:K 2 0: 
PyOAc (15:35:49:1) solvent and UV detection at 230 nm] , 
by TLC [reversed-phase C 18 silica-gel plates (Whatman) , 

25 H 2 0:CH 3 OH:CH 3 CN (3:3:4) solvent and Van Urk spray and 
short-wave UV for detection] and by bioautography 
[silica-gel TLC (Merck), an H 2 0: CH 3 CN: acetone (1:2:2) 
solvent, and Micrococcus luteus as the detecting organ- 
ism] . Each of these methods demonstrated that the 

30 product was homogenous. Substitution at the tryptophan 
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N-terminus position was confirmed by 360 MHz PMR. 
Amino-acid analysis confirmed the incorporation of one 
equivalent of L-phenylalanine into the product. 

EXAMPLE 72 

5 

The antibiotic activity of the compounds of 
formula 1 can be demonstrated in vitro , using stan- 
dard agar-dilution tests. The results of the anti- 
bacterial testing of representative compounds of for- 
1Q mula 1 are set forth in Table 17. In Table 17 ac- 
tivity is measured by the minimal inhibitory concen- 
tration (MIC), i.e. the lowest concentration of com- 
pound at which growth of the microorganism is inhibited 
by the test compound. 

15 
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The A-2197 8C cyclic peptides of formula 1 
have shown in vivo antimicrobial activity against 
experimental bacterial infections. When two doses of 
test compound were administered subcutaneously or 

5 orally to mice in illustrative infections, the activity 
observed was measured as an ED^q value [effective dose 
in mg/kg to protect fifty percent of the test animals: 
See Warren Wick, et al. , J . Bacteriol* 81 , 233-235 
(1961)]. The E3 5Q values observed for A-21978C com- 

10 pounds are given in Tables 18 and 19. 
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The results of toxicity tests on some of the 
A-21978C cyclic peptides are summarized in Table 20. 
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EX AMPLE 73 

A. Preparation of N Trp -p- (n-Dodecyloxy) benzoyl-N 0rn - 
t-BOC-A-21978C Nucleus 

5 A solution of 2 , 4 , 5-trichlorophenyl p- 

(n-dodecyloxy) benzoate (0.9 g) , and, A-21978C t-BOC 
nucleus (0.9 g) in 400 ml of anhydrous dimethyl formamide 
was allowed to stir at room temperature for 120 hours 
under an atmosphere of nitrogen. The solvent was 

10 removed by evaporation under reduced pressure. The 

residual material was stirred with a mixture of diethyl 
ether (400 ml) and chloroform (400 ml) -for 2 hours. 
The product was separated by filtration and dried to 
give a light brown powder (0.962 g) . A portion of this 

15 material (0.78 g) was dissolved in methanol (200 ml) 
and purified by preparative HPLC, using a "Prep LC/ 
System 500". unit (Waters Associates, Inc., Milford 
Mass.) and a Prep Pak-500/C 18 Column (Waters Associates) 
as a stationary phase. The column was operated iso- 

20 cratically, using a water :methanol : acetonitrile (2:1:2) 
solvent system and collecting 250-ml fractions (1 frac- 
tion/min.). The desired compound was eluted in the 2nd 
to the 6th fractions. 

Fractions were combined on the basis of TLC 

25 [reverse phase/C 18 silica gel, developed with water: 
methanol: acetonitrile (3:3:4), detected with Van Urk 
spray]. Bioautography of the combined fractions, using 
silica gel TLC, an acetonitrile : acetone : water (2:2:1) 
solvent, and Staphylococcus aureus as the detecting 

30 organism, indicated that the product was a single 

bioactive component. This procedure gave 0.4 21 g of 

N Trp~£~ t EL"" dodec y lox y)benzoyl-N 0rn -t-BOC-A-21978C 
nucleus. 
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B * ?r eparation of N Trp -p- (n-dodecyl oxy)benzoyl-A-21978C 
Nucleus 

N Trp _ P- (n-Dodecyloxy) benzoyl-N Qrn -t-BOC-A- 
5 21978C nucleus (230 mg) was dissolved in 5 ml of tri- 

fluoroacetic acid containing 2% anisole and stirred for 
5 minutes at 0°C. The solution was concentrated to an 
oil. under vacuum, and the oil was triturated with Bt o 0 
(100 ml). The solids were separated, air-dried, and" 
, 0 taken up in water (10 ml). The pK of this solution was 
adjusted from 3.25 to 7 by the addition of pyridine. 
The resulting solution was lyophilized to give 179 ffi a 
of white amorphous N T -£- (n-dodecyloxy) benzoyl -A- 
21978C nucleus. This compound has an R f value of about 
15 0.7 8 on silica-gel TLC, using an acetonitrile: acetone: 
water (2:2:1) solvent system and Van Urk spray for 
detection. 



20 



25 



EXAMPLE 74 

• The antibacterial activity of the compounds 
of Example 73 can be demonstrated in vitro . The re- 
sults of the antibacterial testing of these compounds 
using standard agar-plate disc-diffusion tests are set 
forth in Table 21. In Table 21 activity is measured by 
the size (diameter in mm) of the observed zone in which 
growth of the microorganism is inhibited by the test 
compound . 
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The results of the antibacterial testing of a 
representative benzoic acid derivative, using the 
standard agar-dilution test, are summarized in Table 22. 
In Table 22 activity is measured by the minimal in- 
5 hibitory concentration (MIC) , i.e. the lowest con- 
centration of compound which inhibits the growth of the 
microorganism . 
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The representative benzoic acid derivatives 
of A-21978C nucleus have shown in vivo antimicrobial 
activity against experimental bacterial infections. 
When two doses of test compound were administered to 
mice in illustrative infections, the activity observed 
was measured as an ED^q value [effective dose in mg/kg 
to protect fifty percent of the test animals: See 
Warren Wick, et al., J, Bacterid .' 81 , 233-235 (1961)]. 
The ED_ 0 values observed are given in Table 23. 
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The acute toxicity of N Trp -p- (n-dodecyiox* ) - 
benzoyl-A-21978C, when administered intravenously to 
mice and expressed as LD 5Q , was 67.5 mg/kg. 
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CLAIMS 



1. An A-21978C cyclic peptide derivative 
of formula (1) : 

0 SFTR 1 
!! | 
• .CHa /\ /*\ 

y \ / • y > 

i ? v / 

A I x X 

A - i . 0 j •. 



Cirri 



> i ;i ..• 



15 



r 

y, -H £2:H • •. • 

"•. f ... ^ 



0=» / ,= '- 

Hccr^,/ I . ^ x « x /\ 
v m y v 



HOsZT 



ir. which R, R 1 , and R" are, independently, hydrogen, 
8-methyidecanoyl , 10-tnathyldcdecanoyl , 10-nethyl- 
undecanoyl, the specific c 10 -alkanoyl group of A-2i97SC Q 
25 the specific C^-alkanoyl groups of A-21978C factors 
C 4 or an arnino-prctectin'j group, 

(A) in arxinoacyl group of "he f ow~ j.a 
-C-Q-NK., 

20 it * 

0 
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in which q is C 1 -C 16 alkylene, or an N-alkanoyl- 
aminoacyl group of the formula 



-W-C-R 7 



in which W is a divalent aminoacyl radical of the 
formula: 

0 

(1) -C-A-EH- 

10 in which A is C l~ C io alkylene or C 5 -C fi cycle- 

alkylene; 

0 R 8 

II t 

(2) -C-CH-NH- 

8 

ln which R is hydroxymethyl , hydroxysthyl , 
15 mercaptomethyl , mercaptoethyl , methyl- 

thioethyl, 2-thienyl, 3-indole-methyl, 
phenyl, benzyl, or substituted phenyl or 
substituted benzyl in which -the benzene ring 
thereof is substituted with chloro, bromo, 
2o iodo, nitro, C^-C^ alkyl, hydroxy, C^-C^- 

alkoxy, C 1 -C 3 alkylthio, carbamyl, or C^-C^ 
a I ky 1 c arbamy 1 ; 

(3) 9 /\ 
25 %X 

• -x 

in which X is hydrogen, chloro , bromo, iodo, 
amino, nitro, C^-Cg alkyl , hydroxy, C^-C 
alkoxy, mercapto , Cj-C-j alkylthio, carbamyl, 
3u °r C 1 -C 3 slkylcarbamyl; 



4 
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or -C — r > 



in which X^* is chloro, bromo, iodo, amino, 
hydroxy, c 1 '^ 3 alkyl or C^C^ alkoxy; 

f ' 

10 (5) ? /\ n y\ 

-C— • ^« cr — f 1 ' > ; or 



15 (6) V /— % 

•===»' 



in which 3 is a divalent radical of the 

formula: ~( CH 2 ^n~ arui n is an inte S e r from 
20 to 3; -CH=CH-; -CH=CH-CH 2 ~ ; or 



25 



-CH--NH-C- 



R 7 is C 1 -C 17 alkyl or C 2 ~C 17 alkenyl ; 



30 
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20 



(B) a substituted benzoyl group of the formula 



-C— f- -4j-0R e 



in which R 6 is Cg-C 15 alkyl; 
X 2 is hydrogen, chloro, bromo, iodo, r.itro, 
10 c i" c 3 alkyl, hydroxy, C x -C 3 alkoxy or C x -C 3 

alkylthio; 

(C) optionally substituted C 2 -C 19 alkanoyi, 

C--C 1Q alkenoyl, C,-C. A alkyl provided 

3 19 , 2 
that R, R and R groups together mast 

15 contain at least four carbon atcrasr 

and in which R 3 , R 4 and R 5 (i) may represent hydrogen 

or (ii) taken together with an appropriate adjacent R, 

R 1 , R 2 group may represent a C 4 ~C 14 alkylidene group; 

provided that when R 1 and R 2 are both selected free 

hydrogen, R cannot be 8-methyldecanoyl , 10-taethyl- 

undecanoyl, 10-methyldodecanoyl , the specific C 10 -alkanoyl 

group of A-21978C factor C Q or the specific C 12 ~alkanoyl 

groups of A-2197 3C factors C 4 and C^-, or a pharma- 

ceutically-acceptable salt thereof. 

25 



30 
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10 



2. An A-21973C cyclic peptide derivative 
of formula (1) as claimed in claim 1 in which R is 
hydrogen, 8-methyldecanoyl , 10-methyldodecanoyl, 10- 
methylundecanoyl, the specific C 1Q -alkanoyl group of 
A-2197 8C Q or the specific C 12 -alkanoyl groups of 
A-21978C factors C. and C- , an amino-pro tecting group, 
an aminoacyl group of the formula 

O 

-OQ-NH 2 

wherein Q is C n -C 16 alkylene, or an N-alkanoylamino 

0 

11 7 

acyl group of the formula -W-C-R in v;hich: 

W is a divalent aminoacyl radical of the formula : 
O 

15 (a) -C-A-NH- 

in v;hich A is C^-C^ alkylene or £ 5 ~ C £ cyclo- 
alkylene; 
O R 8 
(b) -C-CH-NH- 

Q 

20 in which R is hydroxymethyl , hydroxyethyl , 

mercaptomethyl f mercaptoethyl , methyl- 
thioethyl, 2-thienyl , 3 -indole -methyl , 
phenyl, benzyl, or substituted phenyl or 
substituted benzyl in which the benzene ring 

25 thereof is substituted with chloro r bromo r 

iodo, nitro, c i" C 3 alkyl, hydroxy, c i~ C 2~ 
alkoxy, ^-C^ alkylthio, carbamyl , or C-^-C-j 
alkylcarbamyl ; 



30 
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15 



25 



(c) J 



T * 



in which X is hydrogen, chloro, bronso, iodo, 
amino, nitro, c^-C^ alkyl , hydroxy, c^-C^ 
alkoxy, mercapto, Cj-C^ alkylthio, carbamyl , 
° r C 1~ C 3 alk y lc a=-t)amyl ; 



10 (d) ? /V* 1 



—+ ■ "f-iNK— or -i— '\ 

*v4 \*r 



in which X A is chloro, brcno, iodo, amino, 
hydroxy, Cj-C^ alkyl or C ± -C. alkoxy; 



r- _Y 



le| ? >\ 9 .A 



• ; or 



V-Nr 



in which B is a divalent radical of the 
formula: -(CH 2 ) n - and n is an integer from 1 
to 3; -CH=CH-; -CH=CH-CH 2 -; or 

-CH--HH-0 ; 
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R is C 1 -C 1? alkyl or Z 2 ~ c ±i alkenyl; and 
R is hydrogen, an astino-protecting group, an aminoacyl 

0 

group of the formula -C-Q-NH 2 as herein defined, or an 
5 N-alkanoylaminoacyl group of the formula 
0 

n 7 

-W-C-R as herein defined; or a pharmaceutically- 
acceptable salt thereof. 

3 • A compound according to claim 2 in wMc* 
1 2 *"*"" 

10 R and R are hydrogen and R is selected from 5-[M- 

(n-dodecanoyl) amino] -n-pentanoyl , m- [N- (n-dcdecanoyl) - 
amino] benzoyl , p- [N- (n-dodecanoyl) amino] cinnamoy 1 , 
2-[N-(n-dodecanoyl)amino]nicotinoyl, or N- in-decanoyll - 
phenylalanyl; or a pharmaceutically-accsptable salt 
15 thereof. 

4. An A-2197 8C cyclic peptide of formula (1) 
as claimed in claim 1 in which R is selected from rhe 
group consisting of hydrogen, an amino-protecting 
group, S-methyldecanoyl, 10-methylundecancyl , 10- 

20 methyldodecanoyl, the specific C 1Q -alkanoyl group of 

A-21978C factor C Q and the specific C 12 -alkanoyl groups 
of A-21978C factors C 4 and C 3 ; R 1 and R 2 are, inde- 
pendently, hydrogen or an amino-protecting group; 
provided that, when R is other than hydrogen or an 

25 amino-protecting group, at least one of R 1 and R 2 must 
be an amino-protecting group; or a pharmaceutically- 
acceptable salt thereof. 

5* A compound according to claim 4 in 
which R is hydrogen or a pharmaceutical ly-acceptable 

30 salt thereof. 
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6. A compound according to claim 5 in 

2 

which R is hydrogen or a pharmaceutically-acceptable 
salt thereof. 

7. A compound according to claim 5 or 6 

5 in which R is hydrogen or a pharmaceutically-acceptable 
salt thereof. 

8. A compound according to claim 5 in which 

2 

R is an amino-protecting group or a pharmaceutically- 
acceptable salt thereof. 
10 9- An A-21978C cyclic peptide derivative of 

formula (1) as claimed in claim 1 in which R is a 
substituted benzoyl group of the formula 

9 /\ 

15 H ? 6 . _ 5 



25 



w i u 

v y 

in which R 6 is C s -C 15 alkyl; X is hydrogen, chloro, 
bromo, iodo, nitro, C^C-j alkyl, hydroxy, C^-C^ alkoxy, 
or C 1 -C 3 alkylthio; and R 2 is hydrogen or an amino- 
protecting group; or a pharmaceutically-acceptable salt 
thereof . 

10. An A-21973C cyclic peptide derivative of 

formula (1) as claimed in claim 1 in which R, R 1 and 

R are, independently, hydrogen, Cj-C, 4 -alkyl , optionally 

substituted C 2 -C ig -alkanoyl, C 5 -C 19 -alkenoyl or an 

amino-protecting group, R 3 , R 4 and R 5 are all hydrogen, 

or (i) R 3 and R 1 ; and/or (ii) R 4 and R; and/or (iii) R 5 

- n and R / taken together may represent a C^-C-,. alkv] idene 
j u 4 14"* 
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group, provided that the R, R and R groups must 
tocather contain at least four carbon atoms; or a 
pharmaceutically-acceptable salt thereof. 

11. A compound according to claim 10 in which 
R 1 and R 2 are hydrogen and R is selected from 9-tetra- 
decenoyl, 10-undecenoyl , or dodecyl or a pharmaceutical ly 
acceptable salt thereof. 

12. A process for preparing an A-21978C 
cyclic peptide derivative of formula >i; as claimed 

in any one of claims 2, 3 cr 9 v;hich process comprises 
acylating an A-21976C cyclic peptide factor, the 
A-21978C nucleus cf formula (3? , 
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or an appropriately protected derivative thereof in 
which R' or R° are, independently, hydrogen or an 
aitiino-pro tec ting group or a pharmaceutically-acceptabls 
salt thereof, with an acylating agent of formula (5) 



KO-C-Z 
O 
5 



in which Z is -Q-NH-, -A-NH-C-R 7 , -CH-NH-OR 7 , 
13 0 R 0 



— »Mr— w — R 



NX 



-f " •-MH-y-^ -V' • 

1 - /> cr I - 

• * r , V X' 0 
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or an activated derivative thereof, in which Q, A, R , 

7 8 12 
R , R , X, X , X , and B are as previously defined, and 

optionally, if desired, removing any protecting group 

which may be present in the product of the reaction. 

13. A process for preparing an A-21978C 

cyclic peptide as claimed in any of claims 4 to 3 

which process comprises 
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30 



(a) the protection of one or more of the amino 

1 2 

groups NHR , KHR and NHR A so as to prepare a 

compound of formula (1) in which one cr more 
1 2 

of R, R and R represent an arainc-protection 
group, provided that one cr more cf 



2 

and R were initially hydrogen, and/or 



<b) the deacylation of a compound of formula (1) 
13 in which R is other than hydrogen or an amino 

group, so as to prepare a compound of formula (1) 
in which R is hydrogen, and, optionally, if 
so desired, removing any R or R* amino 



protecting groups which may be present in the 
product of the reaction. 

14. A process according to claim 13 in which 
the method of deacylaticn comprises exposing the com- 
pound of formula 1 in an aqueous medium to an enzyme 
which deacylates and which is produced by a nicrc- 
organism of the family Actinoplanaceae until substan- 
tial deacylation is accomplished, 

15. A process according to claim 14 in which 
the microorganism cf the family Actinoplanaceae is a 
member of the genus Actinoplanes . 
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16. A process according to claim 15 in 
which the microorganism is selected from A. utahensis 
NRRL 12052, Streptosporancriurr, roseum var. hollandensis 
NRRL 12064, Actinoplanes missouriensis NRRL 12052, 

5 Actinoplanes sp. NRRL 12065, or Actinoplanes sp. NRRL 
8122; or a mutant or variant thereof. 

17. A process as claimed in any one of clai 
14 to 16 in which the enzyme is present in a cultured 
the producing Actinoplanaceae microorganism. 

10 18. A process for preparing an A-21978C 

cyclic peptide derivative of formula 1 as claimed in 
claims 10 or 11 which comprises reacting an A-2197 8C 
cyclic peptide nucleus of formula 3, as defined in ~ 
claim 12, 
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ms 



(a) with an acylating agent of formula (7) : 

R 10 -COOK (7) 

or an activated derivative thereof, in 
which R is optionally substituted 
C 1~ C 18 alkyl or C 4- C ia alkenyl; or 

(b) with a carbonyl derivative of formula (8) 

R^-C-a" ( 8 ) 

o 

in which the R 11 R 12 C = group represents a 
C 4~ C 14 alk Ylidene grouping; and 
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(c) 



optionally reducing a C 4 ~C 14 alkylidene 
product of the above process (b) to 



form a compound of formula 1 in which 

12 ~~ 
R, R or R represent a C 4 -C 14 alkyl group; 

5 ( fl > and, if desired, removing any protecting 

group which may be present in the product 

of any of reactions (a), (b) , or (c) above. 

19. A pharmaceutical formulation which com- 
prises as an active ingredient an A-21978C derivative 

10 of formula (1) , or a pharmaceuticaily-acceptable salt 
thereof, as claimed in any one of claims 1 to 11, 
associated with one or more physiologically-acceptable 
carriers or vehicles therefor. 

20. An A-21978C derivative of formula (1) f or 
15 a pharmaceuticaily-acceptable salt thereof, as claimed 

in any one of claims 1 to 11, for use as an antibiotic. 
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